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PEE FACE. 



This book is intended to supply the widely felt want of 
a work at once easy enough for a class reading-book and 
precise enough for a text-book. Great pains have been 
taken to make every statement as plain as possible, and 
to put every sentence into the form which will render it 
easiest to understand at first hearing. Familiar language 
whenever available has been preferred to the use of 
technical terms, as it is not desirable to encumber begin- 
ners with any names beyond what they need for con- 
veniently expressing their ideas. Algebraic formulae 
have been altogether excluded. 

The woodcuts with wbicii the work is profusely illus- 
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trated are" iloi ' thfo'vv^n in fol* mere ornament, but have 
been carefully ^ejjigT'ed^anji- selected for the elucidation 
of the text, arfd fffe fiil}y''e^x'prained. To avoid distract- 
in*? the attention of the reader, and at the same time 
permit reference ^hen reqtiired, the technical names of 
pieces of apparatus have in many cases been indicated in 
the titles of the figures, though not used in the text. In 
like manner, in the index, several words are introduced 
which do not occur in the body of the work. 

As regards completeness, the aim has been to include 
leading principles in so far as they can be made plain to 
beginners, and to omit such topics as, from their inherent 
difficulty, are better deferred to a later stage. 
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weighs OHE QRAUUE, ao that the volume of any 
quantity of cold water expressed in cubic centi- 
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in o.c. multiphed by its apecific grniity (tbe spe- 
cific gravity of cold water being 1). 

Water has the peculiarity of contracting as it 
is warmed from 0' C. to 4° C, and then expand- 
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A cubic foot of water Hcifrhs a littlo less than 
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A cubic decimetre of water at 4° C. weighs 
1 ULuaBAMHB or 1000 fn'ammes, which is about 
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NATURAL PHILOSOPHY 
FOR SCHOOLS. 

Chapter I.— INTRODUCTORY. 

1. Natuhal Philosophy in ita broadest sense is the 
science which treats of tbe properties of matter. 

2. There are some properties which belong to aU kinds 
of matter alike, witliout distinction of degree. 

Oue of these ia the property of inertia, which raay be 
thus stated : — Every body which is once at rest tends to 
remain at rest, and every body which is once in motion 
tends to continuB moving with uniform speed in a straight 
course. Motion in a straight line with uniform speed is 
the only motion that a body can tiave if kft to itself, and 
not pushed or pulled by other bodies. 

Whenever a body at rest begins to move, or a body in 
motion moves in a curve, or moves faster or &lo«er, it 
exhibits the "tendency" of which we have spoken, by 
offering resistance. A heavy garden-roller on a level 
pavement starts slowly and gradually when we pull it, 
and we feel it pulling us backtvarda as » e pull it for 
wards. Again, when we have given it a good speed and 
try to stop it, we feel it pushing us forward as we push 
it in the backward direction, and we cannot stop it all at 
onee. This illustrates tlie tendency to resist change of 
speed. The tendency to resist change of direction — that 
ia, to resist anything which produces deviation from a 
illustrated by swinging a weight roi^d 



18 INTRODUCTORY. 

in a horizontal circle by means of a string which we hold 
in our hand. We feel the weight pulling our hand out- 
wards towards the circumference of the circle. 

3. Another property possessed by all matter alike is 
gravitation, or, in common language, weight. Weight, 
as we know it in its most familiar form, is tendency to- 
wards the earth; but Newton discovered that there is a 
similar tendency towards the moon, towards the sun, to- 
wards the planets, and towards all matter whatever. All 
matter attracts all other matter. The force of this attrac- 
tion depends partly on the magnitudes of the attracting 
masses and partly on their distance apart. When the 
distance between two bodies is very great compared with 
the size of the bodies, so that they may be regarded as 
mere particles, the force diminishes as the distance in- 
creases, in such a manner that at double distance there 
would only be one -fourth of the force; at threefold dis- 
tance, one -ninth of the force, and so on — that is to eay, 
the force varies inversely as the square of the distance. 

When the two bodies are spheres, the same rule ci^n 
be applied even when the bodies are near, the "distance" 
being in this case the distance between the centres of the 
spheres. The earth may be regarded as a sphere, and 
hence the force with which it attracts a body at its sur- 
face is four times as great as the force with which it 
would attract the same body if raised to a height equal 
to the earth's radius; for it would then be at the distance 
of two radii from the centre instead of only one. The 
distance of the moon from the earth's centre is about 
60 radii of the earth, and hence the force with which the 
earth attracts a body on the moon is only 7ju^(jxr^^^ ^^ the 
force with which it would attract the same body if at the 
earth's surface. 

4. There are two ways in which the quantities of matter 



in different tioriiea may he reckcneil arnJ compared. We 
are not epeakiiig now of two pieces of matter of the same 
material, for in this caae tlie compariBon presents no 
difficulty. We are speaking of the comparison of two 
different subatances; for example, a ball of iron and a 
ball of lead. 

One way would be to compare the resistances which 
they offer to the same change of motion ; for example, to 
com])are the horizontal pulls which they exert when 
swung round with the same velocity in horizontal circles 
of the same size, and to say that the one which exerts 
the greatest resistance contains the most matter. 

The other way would be to compare the forces of 
gravitation which they esert upon the eame body at the 
same distance; or, what amounts to the same thiTig, to 
compare the forces with which tliey are themselves at- 
tracted by tlie same third body ; for it is found to be uni- 
versally the case, in every kind of pull or push, whether 
it be gravitational attraction, or magnetic attraction, or 
electrical attraction, or the pull of a string or the push 
of a stick, that the puU or push is a mutual force between 
■two bodies, both bodies being equally pulled or equally 
poshed. In cotn|)uring two bodies at the earth's surface, 
we can compare the foi-ces with which they are attracted 
"by the earth. These forces are what we call their weights. 

S, It has been found by careful ex]>eriments tbat. these 
■^wo ways of comparing matter agree exactly. Two bodies 
which offer the same resistance to change of motion have 
also the same weight. 

Aa it is somewhat of a hberty to talk of the "quantity 
of matter" being the same when the substances are dif- 
ferent, the word mass is used instead. Two bodies 
which offer equal resistances to change of motion aie said 
to be equal in "mass" or to "have equal masses;" or the 
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two bodies themselves are often spoken of as "eqnal 
masses." The experimental fact which we have just 
asserted is accordingly expressed by saying that bodies of 
eipml mass are of equal weight; and it will be equally true 
to say that bodies which have equal weight have equal 
mass. 

6. The two ideas tceight and mass are very much mixed 
up togetlier in popular language and thought Pounds, 
ounces, tons, and so forth, are sometimes employed as 
units of weight in the strict sense of the word, as when 
we speak of steam exerting a pressure of so many poujids 
per square inch, or of a rope being strong enough to beai 
a weight of so many tons; but more frequently these 
denominations are employed as measures of quantity oj 
matter^ as when we speak of a pound of sugar or a ton of 
coal. In this latter application the pound and ton are 
units of mass. 

It is also to be remarked that if we take a piece of 
matter — say a pound of iron — and carry it about to dif- 
ferent places on the earth's surface, its mass remains 
unaltered, but its gravitating force towards the earth 
varies, being greatest at the poles and least at the equa- 
tor. If it were carried to the distance of the moon, its 
gravitating force towards the earth would be only 75^7^771*^ 
of what it was at first, while its mass would be unaltered. 
Thus a round piece of brass used for weighing, and called 
a "pound weight," is, strictly speaking, a standard of mass ; 
it has exactly the same mass everywhere, but not exactly 
the same weight. Its weight, though variable, is alwa3''s 
called by the same name — a pound — and as it is seldom 
that very exact measures of force are required, the slight 
inexactness involved in this use of the same name for 
slightly unequal forces has no practical inconvenience in 
ordinary life. 
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7. DenBity is closely connected with niaas. If we take 
a cork and squeeze it to lialf its original size, we double 
its density. If we pump out lialf the air from the receiver 
of an air-pump, we halve the density. If we compress 20 
cubic! feet of air into a space of 1 cubic foot, we increase 
its density twentyfolA The densities of two Biibstancea 
are proportional to their musses when we compare equal 
volumes of both, and a body is said to be of uniform 
density when equal volumes in all parts of its substance 
have equal masaes. 

Bearing in mind the relation above pointed out be- 
tween mass and weight, it is clear that a ileiise- substance 
is the same thing as a liaivy substance. Gold and platinum 
are about '20 times as dense as water — that is to say, they 
are about 20 times as heavy when compared bulk for 
bulk. 

Gases have exceedingly small density compared with 
Uquids and solids, and their density can be enormously 
altered by compressing them or allowing them to expand. 
The air which we breathe has about jj^th of the density 
of water; but it has often been compressed to 20 or 30 
times its ordinary density, and rarefied lill it has only 
one- thousandth or even one-millionth of it^ ordinary 
density. 

8. Constancy of quantity, or constancy of mass, is a 
universal property of matter. When we horn a piece of 
wood, part of it coinhines with the oxygen of the air and 
goes off in the form of gas, part of it is water and goes 
off as steam, some small solid particles are cairied off by 
the draught in the form of smoke; these are of combus- 
tible mateiial (carbon), but not so readily combustible as 
some other portions; and a third portion remains in the 
form of ash, If we could catch all the gaseous products 
and Weigh them along with the smoke a 
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should find the total weight to be greater than that of 
the original wood, because some oxygen from the air has 
been added. If the combustion of the wood is conducted 
in a closed air-tight vessel, the weight of the vessel and 
its contents will be exactly the same at the end as at the 
beginning. 

In the growth of a plant all the additional matter 
which it gains comes to it from the soil and air, and is so 
much taken from them. There is na gain and no loss of 
mass on the whole in any operation or process whatever, 
whether of nature or art. 

Chemistry goes further, and shows that all known 
substances are composed of some sixty simple substances 
or elements^ and the quantity of each element remains 
always unchanged. No such thing as creation or destruc- 
tion of an element ever occurs, nor is one element ever 
transmuted into another. 

9. There are other properties wliicli are possessed in 
very different degrees by different kinds of matter. A 
ball of steel retains its shape, as far as we can see with 
the naked eye, even when we squeeze it in a vice. A 
ball of lead similarly treated is i)ernianently flattened. 
A ball of india-rubber is flattened for tlie time to a 
very large extent, but recovers itself when released. 
Tliese diflerences of behaviour illustrate differences of 
elasticity and differences of rigidity. A body which is 
very diflicult to force out of its original shape is called 
very rUjld, and a body which instantly recovei's its original 
shape when released is called very perfectly clastic. A 
body which can be very much distorted and yet will 
instantly recover itself — like india-rubber — is techni- 
cally said to have venf ivide limits of elasticity ; while such 
a substance as wrouurht iron, which remains ])eniianentlv 
distorted if you bend it to any visible extent, is said to 
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have very tianinc Itmiln nf dasttcUy. Tho subject of ulas- 
ticity aa regards Bolid bodies ia very intricate. If we 
take several wires of the same size but of different 
metals we find that their resistances to etretcliiiig are not 
proportional to tbeir reaiBtances to twisting. It is thus 
necessary in accurate investigations to distinguish various 
kinds of elastic resistance, and their discussion constitutes 
an important branch of applied mathematics. 

Moat suhstancea when pulled out lengthwise shrink in 
diameter, so that though their volume is increased it i» 
not increased so roiicli as their length; and in like 
manner when compressed endwise they swell in diameter. 
Cork is an exception. Even when compressed to half or 
a quarter of its original length its diameter remains un- 
changed. Its volume is therefore diminished in the same 
proportion as its length. India-rubber, on the other 
hand, alters its diameter so much that its volume is not 
changed at all. However much we pull or sqiieeze it out 
of shape its volume remains een.'jibjy unchanged. 

10. Liquids and gases offer no resistance to change of 
shapC) but they resist compression. This is the only 
. elaatio resistance which they exei-t, and it is sometimes 
called eloiilcity of volume. It is enormously greater for 
liquids than for gases, being about twenty thousand 
times as great for water as for air. 

Experiments on the compression of liquids are usually 
conducted with an apparatus like that shown in lig. 1. 
The second part of the figure shows on a larger scale a 
portion of the first This portion consists of a gln^s 
vessel with a long narrow neck. It is filled with the 
water which is to be compressed, and a small drop of 
mercury is passed into its neck, where it is held uj) by 
Auction, and serves aa an index to show when the water 
moiea up or down in the neck, for if the water moves it 



24 iNTttonucToBT. 

carries the merciiry with it, If «-<? were to apply pres- 
sure to the outside of tlie vessel onl.v, the capiicity of the 
vessel would be diminished and some of the water would 
escape at the top. 
The water in the neck 
would accordingly 
rise, carrying the in- 
dex with it. On the 
other hand, if a pis- 
ton, fittiog wate^ 
tight, were pressed 
down into the neuk bo 
as to force the water 
before it, the index 
would fall, partlv pe^ 
haps hecause of the 
compression of the 
« itLr hut partly also 
h in 3 the vessel 
H L ul 1 t I nlai^ed by 
till tn ng piesanre 
wilhm It "What k 
mtuilh done la 
plue this \eSBel 
SI k the larger one, as 
shown in the figure, 
ail J hll up w ith water. 
The lar„o vessel U 
made of \ery thiclt. 
and strong glass so that it can bear strong pressure in 
its interior without breaking Tins pressure is produced 
bj Borefting down the piston at the top and as we put 
on pressure and take it off again we see the mercurial 
index descend and spring up a^ain Its descent shows 
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that the water in the vessel is reduced to smatler volume ; 
and more ihan thia, it shows that tlie water is more com- 
pressible tljan the glass uf which the ioDer vessel is com- 
posed, for if they both shrunk equally they would Btill fit 
each other, and no movement would be seen. A glass 
vessel tlios submitted to uniform strong jireasure both 
within and without retains its shajw unuliatiged, and is 
diminished in volume just like a solid lump of glass. 

11. Streagtb, as a property of materials, means the 
power to hold together without breaking. There are 
different kinds of it 

Tenacili/ is that kind of strength which enaljleB a wire 
to exert a strong pull without breaking. Steul wire, 
snch as is used for the pianoforte, is in this sense the 
strongest substance known, and wrought iron is much 
more tenacious than cast-iron. Strength to resist crush- 
ing is a different quaUty, and is possessed by cast-iron in 
a higher degree than by wrouglit iron. 

Hardness is that particular kind of strength which 
gives the power to scratch or cut and to resist being 
scratched or cuti Glass will scratch iron, and iron (at 
least pure wrought iron) will not scratch glass. Glass is 
therefore said to be harder than iron. Tlie hardest sub- 
stance knotvn is diamond, which is crystallized carbon. 
It easily makes scratches and even deep cuta in glass, 
and will do this every day for years without losing its 
edge. Next to it comes corundum, or crystallized alu- 
mina, of which the ruby is one form. Some other jire- 
nious stones, such as the sapphire, topaz, and emerald, 
are largely composed of alumina, as is also emery, so 
well known for its scratching powers, which cause it to 
be largely employed in the grinding of steeL 

Another very hard substance is silica, which, when 
crystallized and clear, is called rock-crystal. Agate, 
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jaitper, flint, and qoartz are other fonns of it It is 
much harder than glass. 

The hardness of steel depends very much upon whether 
It is cooled gradually or suddenly from a red heat The 
more sudden the cooling the harder it hecomes, and the 
ofKjration of hardening steel by dipping it when red hot 
into a cold liquid is called tempering. All steel cutting 
instruments are tempered The opposite process of 
softening by gradual cooling is called annealing^ and in 
glass manufactories there are annealing ovens in which 
newly-made glass vessels are left for some days to cool 
down gradually from a rod heat 

The hardening of a metal makes it brittle, and the 
opposite process of annealing makes it tough. Steel dies 
are engraved when soft, and are afterwards hardened 
bfjfore they are used for stamping. In the making of 
wirrj, which is done by drawing the metal in the cold 
Htrttn through a succession of holes each smaller than the 
preceding, it is necessary to anneal the wire after each 
drawing in order to restore its ductility and prevent it 
from breaking in the next drawing. 

12. Atomic Structure. — As a crowd of men consists 
of H<'parat(i individuals, or a heap of wdieat of separate 
gniinH, or a (;hain of separate links, so there is reason to 
hiOii^vo that all matter consists of separate atoms. The 
III oniM of any one. elementary substance are believed to be 
all of otKi Hiz(! and exactly alike; and the atoms of one 
Mlrnipiitjiry Hulmtance are different from those of another 
rh'tnnnl-ary Hulmtanco. Atoms are much too small to be 
M(MMi nv(Ui in our inoHt ])()wcrful microscopes, but there are 
H(Wrral pluMionicua which compel us to infer their exis- 
t(<iic(\ Th(\v aro probably about as large in comparison 
with a drop of wator as a crickot-ball or a foot-ball is in 
compurison with the whole earth. 



In a compound substance of deiinite chemical compo- 
BitioD, the atoms of the two or more elementary suli- 
Btances which comjmae it are combined in clusters, all 
the clust«rs being exactly alike, and these clusters are 
called molecules. 

Heat in a eubstiuice consists in vibratory movement of 
ts molecules, or, in the case of an elementary substance, 
in vibratory movement of its atoms; and when the heat 
is so intense as to produce light, an examination of the 
light fay means of an instmmeut called the spectroscope 
gives definite information as to the quickness of vibration 
of the molecules or atoms. 

Why it is that the atoms of certain Bubntances attract 
one another and tend to form molecules of definite com- 
position, is one of the puzzles which have not been solved, 
though some partial attempts have been made which t.re 
not altogether without promise. 

13. The extreme divlBibility of matter may be illus- 
trated in various ways. 

When the smallest drop of blood that can be Geen 
with the naked eye is flattened out between two pieces 
of glass, and examined by a pretty gowl microscope, it is 
a to consist of a multitude of round flat Itodies tioat- 
ing in a transparent liquid. The round bodies are called 
blood-corpuscles; they are between ^^no^h "■^^ TttVn*'' 
in inch in diameter, and their thickness is about a 
quarter of this. One cubic inch of blood contains about 
eighty times as many of them as there are people in the 
whole world. A microscope of high power enables ns to 
sue objects very much smaller than these, but still we 
are aa far as ever from seeing the ultimate molecules of 
which matter consists. 

The extreme divisibility of matter is well shown by 
dipping a paiut-briiah containing a little indigo or gam- 
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The three pouits A B are veiy nearly in one atnught 
line, being iisnally a very little above a liue drawn from 
A to B. The distances AO and OB must be exactly 
equal. 

Kach Bcaie pan with its contenta places itself so tliat 
its centre of gravity is exactly under the knife-edge A or 
B which BUpporta it; we may therefore regard the twft 
weights as acting at A and B, and may regard the beam 
as a lever with its two arms equal. Tlie beam itself, 
when the pans and hooks have been removed, ought to 
balance exactly about the edge 0. The following is the 
best way t.(> tost whether a pair of scales is true. 



First Bee whether the beam places itself horizontally 
when both scale jiaiis are empty. If it does, then put u 
tolerably heavy weight into oiie scale pan, and into the 
other a cup of sand, adding or taking away sand till an 
exact balance is obtained. Then interchange the contents 
of the two pans and see If the balance is still maintained. 
If it is, the scales are true, but if it is not, one arm (that 
is one of the two distances O A, O B) is longer than the 
other, and if equal weights were put in the two pans, the 
one at the longer arm would go down. 

Even with a false pair of scales a true weighing can he 
made if we have true weights, by employing the method 
called douhle-weighing. This consists in putting the body 
to be weighed into one pan and counterpoising it exactly 
with a basin of sand; then removing the body and linil- 
ing what weights must be put in its place to produce the 
same effect. They will be equal to the true weight of 
the body. 

SO. The wheel and axle, of which a section is shown 
at fig. 8, consists of a large and a small cylinder, both 
having the same axis and turning together. 
Two cords are coiled, one round each cylin 
der, and weights hung at their free ends 
tend to turn the cylinders opposite ways. 
We may regard A B as a lever turning 
about a fulcrum at C the common centre 
of the two circles, and if the two weights 
are to balance each other, we must have the 
' weight hanging from A multiplied by AC equal to tin 
weight hanging from B muItipHed by BC, or the weijlit 
which hangs from the wheel must he to that which hanj-s 
from the axle aa the radius of the axle to the radius l^f 
the wheel. The radii A C and B C of the t« o cirtli s are 
proportional to the circuiniercnces, and these art, equal 




to the diatances through which the two weights more 
(one downwards and the other upwards) in one revolutioo. 
Hence one weight multiplied hy the distance it falls is 
equal to the other weight multiplied by the distance it 
rises, 

It may be well here to point out tlic difference between 
tlie meanings of the words axle and axis. An axle is 
real material thing of finite thickness; an axis is a ineM 
mathematical line having no thickness whatever. When 
a body turns truly on an axle, the central line of the axis 
ie the axis. 

The winch used for raising buckets full of water from 
a well is equivalent to a "wheel and axle," the cirde 
described by the handle taking the place of the "wh© 

Fig. 9 represents a capstan, with two bars, and men 
pushing at them, thus raising a weight by means of S 
rope whiuh is wound upon the dnim of the capstan. 
Sometimes the bars ora 
much longer than thoae 
represented in the f 
ure, and there may be 
several of them. . 
order to calculate the 
force which is put upon 
the rope, we must mul' 
tiply the force with 
which each man pnshes by the distance of his hands 
from the axis; we must add these products together, and 
then divide by the radius of the drum on which the rop« 
is being woimd. 

Tliis rule can be justified from a consideration of the 
work done, in the following way. Each man walks in a 
circle pushing straight forwards as he walks. The work 
which he does in going once round the circle is tha 
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horizontal force with which he pushes miiltii lied hy the 
circumference of the cirde Bj making this calculation 
for each man, and itdding thu products, v-e ohtam the 
work done in one reiolution of the capstan. On the 
Other hand the weight is raised a distance eijual to the 
length of rope that is coiled upon the drum in one revolu- 
tion, which we may take as being equal to the circumfer- 
e of the drum. This length multijihed by the weight 
will be equal to the work done by the men. Since the 
circumferences of circles are proportional to their radii, 
this result agrees with the rule stated. 

21. This is a very good example of what is called the 
prindple of moments, which may be thus atatetl; — 

When a body can turn about an axis, and forces are 
applied to different points of the body tending to carry 
them round the axis, either in one direction or the oppo- 
site, the forces will balance if, when we multiply each of 
them by its distance from the axis, and add the jiroduets, 
the total is the same for the forces which tend one way 
round as for those wiiich tend the contrary way round, 
The product obtained by multiplying one of the forces by 
ita distance from the axis is called the moment of this force 
about the axis. 

SS. Thus far we have made no mention of friction. 
Friction always tends to prevent motion. Thus, when 
men are raising a weight by means of a capstan, they 
have to do not only an amount of work represented by 
the raising of the weight, but a further amount of woi'k 
sufficient to overcome the friction of the apparatus. The 
pressure which they must exert against the levers is 
therefore greater than it would be it there were no 
friction. On the other hand, when they are letting the 
weight down, or simply su.staining it, the pressure which 
they must exert is less tliaa if there were no friction. 



.Jj 



38 DTVAXICS. 

because friction tends to prevent the weight from running 
down. 

These remarks are of general application to the friction 
of machines. Whenever we have calculated the relation 
between the force which we are to apply, and the resis- 
tance which it is to balance, without considering friction, 
we must increase the applied force if it is to overcome 
friction and produce motion; while on the other hand, 
if the force which we apply is merely intended to prevent 
motion, it may be smaller than if there were no frictioa 

23. Fiicticm has an important bearing upon the sub- 
ject of stored-up work, or energy, which has been briefly 
explained in ai*t. 15. When we employ a machine to 
store up work ])y raising a weight, if there is any friction 
in the process a portion of the work employed in driving 
the macliino will be wasted, so that the work stored up 
will be less than the work employed to obtain it This 
looks at first sight like a diminution of the whole quantity 
of energy — contrary to the concluding words of art 15. 
Hut further exainination shows that what looks like a de- 
stnictiori of energy here is only a transformation. Heat is 
one form of energy, and the energy which has been lost in 
th(^ mechanical form has been converted into heat. The 
(juantity of heat produced by friction in different cases 
has l)een found to be exactly proportional to the amount 
of work consumed in producing it. In fact every foot- 
pound of work that is wasted in consequence of friction, 
produces just as much heat as would raise yy^ of a pound 
of water one degree Fahrenheit in temperature. 
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Chapter IlI.-PAKALLEL FORCES. 

24, Parallel Foiobs. — Two paraUel forces must either 
le ill the same direction or in oppoaito directions; for 

instance, if one of them acts vertically upwards, the other 
must either act vertically upwards or vertically down- 
wards. 

"When any number of parallel forces balance one an- 
other upon the whole, if we add together those which 
in one direction, and also add together those which 
act in the opposite direction, the two sums will be 
equal. For example, if a table with vaiious heavy 
bodies on it stands on a floor, the upwaiil pressuree of the 
floor against the feet of the table must together be equal 
to the added weights of the table itself ad h bo i 
resting on it. It will l)e remembered that b h g 1 

law of the equality of action and reaction h u^ d 
pressures of the Hoor against the feet ar q ! I 
downward pressures of the feet against th fl ha 

what we have stated merely amounts to h s — h 1 
whole weight of the table and things on it rests on the 
floor. 

So, if we have a lever with weights on its two ends, 
resting in equilibrium on a fulcrum, the downward jires- 
anre of the lever on the fulcrum or the upward pres- 
sure of the fulcrum against tlie lever, must be equal to 
the weight of the lever itself together with the two 
veights which it carries. 

25, Centre of Gravity. — Suppose two heavy particles 
at Aj and A^, fig. 10, the particle at A„ being twice as 
heavy as that at A,. If we divide the joining lino 
A( Aj into two parts of which one is double of the other, 

u greater fiart being next the smaller weight (that is. 




\ B. A^ 
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take Bj so that A, B^ =^ 2 B^ A^), then the two weights 
at A, and A^ would balance each other about the 
point B^; that is to say, if we imagine a lever Aj B^ A^ 

A.^ without weight resting on 
Fig. 10. y^ * fulcrum at B^ and acted 

on by the given weights at 
Aj and Ag, this lever will 
be in equilibrium in every 
position, whether horizontal or inclined. This is what 
we mean when we say that Bj is the centre of gravity of 
the two given weights at A^ and Ag. 

These two weights could always be balanced by a 
single force equal to their sum acting upwards at B^; we 
may therefore say they are equivalent to a single force 
equal to their sum acting downwards at B^; in other 
words the two weights at A^ and A^ can be collected at 
Bj without rendering any change necessary in the sup- 
porting forca j4ny two heavy particles have a centre of 
gravity, which divides the joining line in the inverse ratio of 
the weights of the particles. 

Now suppose a third heavy particle at A3. We may 
replace the first two particles by a single particle equal 
to their sum at Bj, and we shall then have only two 
heavy particles, one at Bj and the other at A,. Their 
centre of gravity can be found as above; let it be Bg. 
Then B^ is the centre of gravity of the three given par- 
ticles at Ap Ao, and A3. We may then collect these three 
particles at B.2 and take in a fourth i)article, and so we 
may go on till all the particles of a body have been in- 
cluded. Therefore every solid body has a centre of 
gravity — a point at which we may suppose all its weight 
collected without requiring any change in the supporting 

forces. 

26. A heavy body can therefore be supported at a 



single point asO, figs. 11, 12. All that is necessarj'is tliat 

the body be turned into such a position aa to put ita 

centre of gravity directly under 

or over the point of support. If the 

body be supported at the centre of 

gravity itself, no particular position 

is necessary; it will be in equilibrium 

in all positions. ^^ „ ^^ 

When the centre of gravity ia di- 
rectly under the point of support, aa in fig. 12, the equili- 
brium is stable, that is to say, if we give the body a sliglit 
push it will only make small oseillationa — and finally 
settle in the same position again. 

When the centre of gravity ia directly ova- the point 
of support, aa in fig. 11, the equilibrium is wisiMe, that 
is to say, if we give the body ever bo slight a push it will 
tumble comjdetely away. 

W^hen the centre of gravity coincides with the point of 
support, the equilibrium ia neither stable nor unstable, 
and is called ni.-utyal. If we move it a little it still re- 
mains in er|uiltbrium. 

27. In order to decide whether a heavy body will 
stand or topple over, when set down in a given posi- 
tion, it is sufficient to know whether a line drawn ver- 
tically downwards from the centre of gravity falls within 
the base; if it does, the body will stand. If it falls 
outside the base, the body will topple over towards the 
side on which the vertical lies. In the case of the 
three-legged table shown in fig. 13 we are to understand 
by the hast the triangle formed by joining its feet, as 
shown by drifted lines in the figure; for if the table 
turned over it would have to turn round one of these 

28, When a boJy is hung by one point about whicli it 



can swing freel)', it places its centre of gravity verticallv 
under the [loint of suspension, and this property can be 
used to find tlie centre of gravity of a piece of board in 




the manner represented in fig. 14. Suspend it from 
a point in or near its circumference, and suspend & 
plumb-line from the same point Mark the position of 
the plumb-line on the hoard. Then 
the board and plumb-line 
1 other point, and mark the 
point where the new line intersects 
tlie old one. This point G, or rather 
a point opposite to it in the sub- 
stance of the board — will be the cen- 
tre of gravity, and if tlie hoard bo 
laid flat it will be found to balance 
about (i. Another plan is to ehi^ 
J-^ the board to the edge of a tatlla 

(which should he straight and shaip)' 
until we find that the least further movement woidd'. 
make it fail over. Draw a line on the body marking thifr- 
position of the edge. Then turn the body through k 
right angle, or nearly ^ right angle, and obtain another 
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line in the same way lEtersecting the former one. Their 


:Aa 


iT 


intersection is the point aliout which th 


board will balance. 


39. When an e^ is laid upon 


[4^ 


its side on a level surface, as at 


fig. 15, it takes a i)usition in 




which its centre of gravity G ia 


Ku'Jy 


exactly over the point of con- 


^■oLA 


tact M at which the egg is sup- 


/|Hr\ 


ported The equilibrium here 


l\^\\ 


is stable. Fig. 16 represents a 


/ ^*t \ 


position of unstable equilibrium, 


/ Gi \ 


the centre of gravity being ver- y 


\t \ 


tically over a point of contact 1 


M \ 


M at one end of the egg. The ** 


1 


centre of gravity is here in the 


11 


highest position that it can have 


1 


without the egg leaving the 


■ 


table, whereas in fig. 15 it is in 


■ 


the lowest position. The centre 


M PlU 17. 


of gravity of a body always 


/^ 


tends to ■ get as low as it can. ^ 


^v i^^H^^fak 


This is illustrated by the toys fl 


^^^^^^B 


shown in the next three figures. 
In fig 17 tlie two leaden balls arc 


Bfl^^^^^ 


BO lioavy compared 


1 


^ 



witli the figure that the centra of gravity of the whole 
body consisting of figure, rods, and balls together ia a 
little below the too on which it balances. 

The toy in figs, 18, 19 eonaista of a hemisphere of lead 





with a liirht human figure fastened to it The centre of 
gravity of the whole ia somewhere U'tween the centre of 
gravity of the hemisphere and the centre of the sphere 
of which it is the half. The heiglit of the centre of Uie 
sphere is not altered by roUing, and the height of the 
^ centre of gravity of the hemi- 

sphere is least when the figure is 
upright. This is accordingiy the 
]>osition of stable equilibrium. 

30. We shall now exemplify 
some of the foregoing principles 
by systems of pulleys. We shall 
s\ippose the pulleys to turn with- 
out friction. When a string is 
passed round a pulley and the two 
ends are pulled, the pulley will 
turn unless the two pulls are equal i for the two strings 
are at the same distance from the axis of the pulley, the 
distance of each being equal to the radius of the jiulley. 
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In fig. 20, which represents what is called &fireil pulku 
—strictly speaking, a pnlley turning on a fixed axis — the 
pull exerted by the hand roust be eqaid to 
the weight sustained. 

In fig. 21 the three portions of string exert 
equftl pulls, and the pulls of the two right- 
liand ones are together equal to tlie weight 
which they support, thiit is to say to the 
weight which hanga from the tower pulley 
together with the weight of this pulley itself. 
Hence the force in each string is half of this weight. 
The other weight simply hangs from the end of the left- 
hand portion of string, and is therefore a direct measure 
of the pull in the string. This weight 
must therefore he half the other if the 
weight of the lower pulley can be neglected. 
More accurately it is half the sura of the 
lower weight and the weight of the lower 
pulley. 

In fig. 22 there are in all six pulleys, three 
turning in an upper fixed block, and thi'ee 
in a lower movalile block. One string passes 
round all, and therefore the force of tension 
is the same in all the seven portions shown 
in the figure. The lower block is siii)]iorted 
by the combined pulls of six of these p 
tiona, which are parallel or very nearly paral- 
lel, and therefore each has to liear one-sixth of the weight 
supported. The pull which must be exerted by the hand 
upon the free end of the string is therefore one-sixth of 
the combined weights of the lower block and the mass 
which hangs from it. 

If we compare the moi-ements of the free end and of 
the weight which is raided or lowered, wo shall see that 




no work is gained or lost. In fig. 22, if the weight is 
Tuaed one iucli, eacli of the six strings which support 
the lower block ia an inch shorter than before, therefore 
six inches of string have passed over the topmost pulley, 
showing that the hand has pulled the free end throagli 
a distance of six inches. The work done by the hand 
is the puU of the hand multiplied by aix inches, and 
this is exactly equal to the weight raised, multiplied h; 
one inch, because we have shown that the pull of the 
hand is one-sixth of the weight raised. 

In fig. 23 there are four pulleys, three movable and one 
fixed. >Ve shall neglect their weights. Then if we attend 
to any one of the three movable pulleys, 
we see that it is pulled upwards by two 
strings, each of which therefore bears half 
the downward force acting on tlie hook of 
the pulley. There are three strings — the 
left-hand one is stretched with a force 
I equitl to half the weight, the second with 
a force equal to a quarter of the weight, 
and the last with a force equal to an 
eighth of the weight, this last string being 
the one that is held in the hand. The 
hand has therefore to bear one-eighth of 
the weight If the weight rises 1 inch, the second pulley 
from the bottom rises 2 inches, the third 4 inches, and 
the hand descends 8 inches. 




RESULTASTS AND C 



csAPTKu rv. 

RESULTAN-TS AND COMPONENTS. 
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31. Resultant of Porcea. — We have seen that the 
wliole force of gravity upon a body can be balanced by 
an upwant force applied at the centre of gravity, or at 
any point in the same vertical line with the centre of 
gravity. We may therefore say that tlie whole force of 
gravity on a body is equivalent to a single force, acting 
vertically downwards, and applied at any point of this 
line. This imaginary single force ia called the resultant 
of all the forces of gravity on the different particles of 
the body. Parallel forces applied to a body always have 
a resultant, that ia a single force which would be equiva- 
lent to them, and might be substituted for them with- 
out producing any disturbance of equilibrium or any 
change of motion. 

32. There is another case in which forces acting on a 
body always have a single resultant, and that is when the 
forces act in lines which meet in a point; for it is clear 
that the body could be prevented from moving by a 
single force applied at the point. A force equal aud 
opposite to this single force is the resultant. 

The magnitude and direction of tliia resultant force 
can be found by a beautifully simple construction. 
Represent the forces by straight lines AB, BC, CD, DE 
(fig. 24), parallel to the given forces and representing 
them in magnitude on any convenient scale (for example, 
an inch may represent a pound). We shall thus obtain 
a crooked line, such as ABODE, and a straight cut 
the beginning to the end of it (that ia A E in the 
figure) will rejiresent the resultant. The order in which 
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Fig. 24.— Resultant of 
Forces at a Point. 



c D 

Fig. 38.— Puraaielosnm of 
Forces. 



the forces are taken makes no difference; the line AE 
' will be the same whatever order we adopt. 

33. The most common case is where we have only 
two forces, and want to find their resultant. Suppose 

they act along the lines AB, AC, fig. 25, 
and are represented by these lines in 
magnitude. Then a 
if we complete 
the parallelogram 
ABDC, the op- 
posite sides will 
be equal, and we 
may either take the crooked line ABD or the crooked 
line A C D as representing the two given forces. In 
either case A D is the straight cut which represents 
their resultant. Thus we have the rule called the paral- 
lelogram of forces: — 

If two forces acting at a point are represevded by two ad- 
jacent sides of a parallelogram, the diagonal represents their 
residtant. 

In order to guard against taking the wrong diagonal, 
observe that if one of the forces tends from A towards 
B, and the other from A towards C, then the diagonal 
A D which passes through A is the one which is to be 
taken, and the resultant force tends from A to D. 

34. A few illustrations 
will help to show th« mode 
of applying the parallelo- 
gram of forces to actual cases. 
Suppose two nails B, C, 
fig. 26, fixed in a wall at 
the same height, the ends of a string BAG fastened to 
them, and a weight attached to the middle of the string. 
Complete the parallelogram A B C D, then A B and A C 




Fig sa 
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Bpresent the pulls of the two portions of the sti-i 
bd A D rejireaeiits their resultant, which is equal to 
'eight supported at A. 

We can see from this that if the nails are put furthi 
part, the point A being kept at the same distance 
leueath them as at present, and the weight unchanged, 
be pulls in the string will bo stronger, although only 
npporting the same weight. The scale of representation 
rill in fact be unchanged, since the same length A D 
till still represent the same weight The pulls in the 
wo portions of the string will therefore he increaEed in 
ha same proportion as their lengths — in other wordu 
he tension of the string wiTl be directly as its length. \ 

If, on the other hand, while altering the distance be* 
iween the nails, we at the same time alter the height of 
i so as to keep the shape of the figure unchanged, the 
ension of the string will be unaltered. 

36. Again, suppose we hang a weight by a string from 
1 book in a beam, and then pull tbe weight to one side 
^ a second string, let us see how the pulls in the two 
fcringa wOl compare with the weight. 

Let B, fig. 27, be the position of the hook, AB th( 
Irst string, and A H the 
econd strinj^, which we 
hall 8up[K)se to he hori- 
[ontal. Draw a horizontal 
iae through B, and a ver- 
kal line through A, till 
hey meet in D, and draw 
i)C parallel to BA, meet- 
Dg the second string in 
1 Then AD represents the weight, and AB, AC 
9ie pulls in the two strings. Since A D B ia a right 
mgle, we have AB3 = AD- + AC^ which shows that J 



1 
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the pull in the first string is always greater than the 
weight. 

If the first string is 13 inches long, and the weight is 
drawn aside 5 inches, we have: — 

13«=AD«+5« 

whence A D* = 169 - 26 = 144 

AD=12 

therefore the first string exerts a pull of \^ of the weight, 
and the second string a pull which is -j*^ of the weight. 

38. We shall now apply these principles to the inclined 
2)lane. 

Suppose a heavy body to be resting on an inclined 
plane without friction, and to be kept from running down 
by a string which is parallel to the incline. 

Since there is no friction, the mutual pressure between 
the body and the plane is at right angles to the plane. 
The body is acted on by tliis force, also by the pull of 
the string, wliich is parallel to the plane, and by gravity, 
which is vertical. 

We may regard any one of these three forces as equal 
to the resultant of the other two. Let us take the weight 
of the body as the resultant, then the parallelogram of 

forces will be right-angled, and 
will have its diagonal vertical. 
This diagonal M P, fig. 28, repre- 
sents the weight, the side PN, 
parallel to the plane, represents 
the pull of the string, and the side 




P T at right angles to the plane, represents the pressure 
exerted by the plane. The resultant of P N and P T is 
along P M, and balances the weight. 

37. It is often convenient to resolve a given force into 
two components^ that is to say, to find two forces of which 
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it is the resTiJIant. Thus, in the case just considered, we 
have in fact resolved the weight into two components, 
one parallel, and the other at right angles to the plane. 
If WB draw a triangle (M N P or M T P) with two of its 
sides pai'allel to the two compoiienta, and its third side 
in or parallel to the direction of the given force, the 
lengths of its sides will show us the magnituilea of the 
components as compured with the given force. 

88. Comparing the triangle MTP with the triangle 
A C B, in which A B is the length of the inclined plane, 
A C its height, and C B its base, we see tliat the angles 
at T and C are right angles, and the angles TMP, BAC, 
equal; hence the triangles are similar. Wo may con- 
sequently use A B instead of M P, and A C instead of 
M T. Thus we obtain the following result, which is easily 
remembered: — 

ffhen the weight is supported ly a force parallel to the tn- 
diiKd plane, Ihii force is to the weight as the height of the 
plane to the length. 

39. The inclined plane serves as an illustration of the 
principle of work, and throws some additional light upon 
the way in which that principle is to be applied. 

Suppose the heavy body to be drawn up the whole 
length of the plane by means of a string parallel to the 
plane. Then the work done by the pull in this string is 
computed by multiplying the pull by the length of the 
plana On the other hand, to compute the work done 
against gravity, we must icultiply the weight of the body 
by the height of the plane; and we see at once from the 
concluding sentence of the preceding section, that this 
prodtict is equal to the former one. 

In computing work done by gravity, or work done 
against gravity, horizontal motion does not count. Gra- 
Txty neither tends to assist horizontal motion nor to pre- 
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vent it, and when the motion is in a slanting direction 
we are to take account only of the difference of levek 

There is a third force, namely, the resistance of the plame, 
which assists in maintaining equilibrium when the body 
is at rest; but as it is at right angles to the direction of 
motion, it does not urge the body either up the plane nor 
down the plane. It is therefore to be regarded as doing 
no work. In computing work done by forces upon a 
moving body, no account is to be taken of any forces 
which act at right angles to the motion. 

40. We have supposed the inclined plane to be friction- 
loss. If there is friction it will oppose the motion. The 
force of friction acts along the plane, and this force multi- 
])lie(l by the distance that the body moves is so much 
work done against friction, which must be added to the 
work done against gravity, and the total thus obtained 
will be e(iual to the work which must be done in pulling 
the string. 

On the other hand, when we let the body slide down 
the plane, keeping it in check by the string, friction 
opi)08e8 the tendency of the body to run down, and thus 
renders our duty easier. When we want to prevent 
motion, or to i)revent it from becoming too rapid, friction 
helps us, and when we want to produce or to quicken 
motion, friction hinders us. 

41. In the actual use of inclined planes to assist in 
raising weights, rolling is usually employed instead of 
sliding, and thus friction is very much diminished. This 
remark is api)lic{il)le to the drawing of a carriage up a 
hill. If the gradient is 1 in 20, that is a rise of 1 foot 
for every 20 ft. measured along the road, a pull equal to 
-^fy of the weight would just suffice to keep the carriage 
moving at a iniiform pace if there were no friction at the 
axles, no inequalitic^s on the surface of the road to be 
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sui'mounted, and no crushing down of the road. Owing 
to these various eourees of friction (of which the two 
latter are usually the moat important), the force required 
to draw the carriage up the hill is sensibly greater than 
that which would suffice to hold it from nmning down. 

43. In raising a cask out of a cellar by rolling it up 
planks, an additional advantage is obtained by applying 
the force at the surface of the cask. The case is the 
same as wjien men urge a carriage forward by pushing 
at the circumference of the wheels. The highest point 
of a wheel moves twice as fast as the centre, and a force 
applied at the highest point will therefore produce the 
same effect as a double force applied at the centre. If, 
as is often the case, a rope is employed which is wound 
half round tlie cask and has its two straight portions 
parallel to tlie incline, one end of tlie rope being fastened 
and the other pulled by hand, the force with which this 
end must be pulled is only half that given by the ordinary 
rule for the inclined place. The cask serves as a pulley 
for raising itself, and the free enil of the rope has to 
be pulled through double the distance that tbe cask 
rolh. 

43. The wediie may be regarded as an application of 
the principle of the inclined plane; but the driving force, 
instead of being applied parallel to one face, usually bisects 
the angle between the two faces, the section of the wedge 
having the form of an isosceles triangle with the vertical 
angle very acute. In driving in the wedge, it ia clear 
that while the wedge advanues a distance equal to its 
own length it produces a separation equal to its thick- 
ness at the base; hence we know at once by the principle 
of work that, apart from friction, the driving force .must 
be to the resistance which ia forced back as the thickness 
of the wedge to its length. 



In the absence of friction, the weJge would epring out 
as soon as the driving force ceased ta act. In tlie actuil 
use of wedges friction is of great service. A nail drivnn 
into wood may be regarded as a wedge, and is only 
iiuld in the wood by friction. Tlis driving of a wedgR, 
whether it be a nail or a wedge for splitting wood, 
is usually accomplished by hammering. A blow o! > 
hammer applies an exceedingly strong force for au ex- 
ceedingly short time. This strong force easily over- 
comes the resistance of friction to forward motion; and 
when the weiige has been advanced by the blow, friction, 
and friction alone, prevents it from coming back. The 
work that is done by the human arm, in getting up speed 
in tiiH hammer, with an aildiiion from gravity if the blow 
be stnick downwards, is equal to the work whicli is got 
from tiie blow in the shipe of resistance pushed back and 
friction oierconie, if we leave out of account the email 
amount of work which is wasted in producing vibration 
and m beatmg the wedge slightly out of shape. 

44 The screw, fig 39, like the wedge, is closely allied to 
the inclined [ilanc. and also, like the wedge, involves in 
Its attiial use a large amount of fric- 
tion Whether we employ it to pull 




two things tof'efcher, i 



1 Bcrewing 



down the lid of a box and m squeeze 
ing together the jaws of a vice, or to 
push by one end as in a ecrew-presa, 
it 19 friction that prevents it from 
imsi rewing when we cease to urge it 
forwards. Without friction it would 
instantly shoot back until the pres- 
BUie was completely relieved. 
InthescfLW piLSH,fig .'iO, and the vice, the screw is pro- 
Mded ivith a level handle which multiplies the driving 
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force ; and even ia driving a screw with a screw-driver the 
handle is so much lai^r in diameter than tlie screw tliat 
a considerable multiplication is obtained. Two driving 
fortes are usually employed to produce rotation, one at 
each end of the lever 
handle in the screw- 
press, and one at each 
side of the handle in 
the Bcrew-d river, be- 
sides a third force, 
wliich, in the case of 
the Bcrew-driver, is 
applied not to pro- 
duce rotation, but to ■ 
prevent the tool from '*' 

slipping out of the notch. This third force, though 
often very considerable and adding much to the labour 
of driving, does very little " work " in the technical sense 
in which this term ia used in mechanics. Its work in 
one revolution is computed by multiplying it by the dis- 
tance that the screw penetrates in one revolution, which 
is a very small distance. If the other two forces are 
equal and act at equal distances from the axis of rotation, 
we must add them together and multiply by the circumfer- 
ence of the circle which they describe, to obtain the work 
which they do. The work done by tlie driving forces in 
one revolution is equal to the work done against friction, 
together with the useful work done by the screw in push- 
ing or pulling. Leaving friction out of accoimt, and 
taking the case of the screw-press or vice, where the 
driving forces do not press the screw home but simply 
turn it, the sum of the two driving forces, niultiplieil 
by the circumference of the circle which the hands 
of the operator describe, will bo equal to the pushing 
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or pulling force exerted by the screw, multiplied by the 
distance between the threads, this latter being obviously 
the distance that the screw advances in one revolution. 
As this is an exceedingly small distance compared with 
the circle described by the hands, the push or poll exerted 
by the screw is exceedingly great compared with the diiT- 
iiig forces applied to the handles. 



Chapter V. 
MOTION UNDER THE ACTION OF K>RCE. 

45. Laws of Palling Bodies. — When a heavy body is 
dro[)ped from a height, it falls faster and faster until it 
strikes the ground. At the end of 1 second it has a 
velocity of 32 ft. i)er second; but its average velocity for 
the whole of the lirst second is only 16 ft. per second, 
ami the distance that it falls in the first second is there- 
fore IG ft. At the end of 2 seconds its velocity is 64, 
but its avera<;e velocity for these 2 seconds is 32 ft per 
second, ami the distance that it falls in the 2 seconds is 
therefore 04 fc(;t, or 4 times the space in the first second. 
In 3 seconjls the distance fallen is 9 times 16, or 144 ft, 
and so on, the multiplier being always the square of the 
number of Heconds. 

These Htat'etneiits are tolerably exact for such bodies as 
good-sized pebblc^s or bullets, up to a distance of a. few 
hundred feet, ami for a large block of stone they would 
remain true for Htill greater distances. In these cases 
the resiHtancn of the air does not make much difference. 
Tliey are not true for Huch a body as a feather falling in 
air, but if the air were retnoved a feather would fall just 
as fast as a stone or a piece of lead. This is usually 
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troved hy putting a feather and a piece of lead into a 
ong tube from which the air can be pumped out, and 
hen inverting the tube bo that the lead and the feather 
oil fi-om one end of it to the other. 

When we want to throw a stone upwards to any par- 
jcular height, we must throw it with exactly the Baine 
relocity with which it would strike tJie ground if it fell 
rom timt heiglit. In other words, a stone falls back 
irith the same velocity with which it was thrown up. 

46. If the heavy body, instead of being dropped, ia 
trown horizontally, it moves in the manner represented 
n fig- 31. To understand 
*hat it does, we may con- 
reniently regard its motion 
IB consisting of two parts, 
forizontal viotion and vetikal 
notion. Its horizontal velo- 
lity will be uniform, and its 
Iferticai motion will be the 
j&me as if it had not been 
^rown hut simply dropped. 
rhe figure is placed at 
9ie starting-point, through 
^hieh two straight lines are 
irawn, one vertical and the 
Bher horizontal. On the 
^rtical line the length from 
^ to 1 represents 16 ft., the length from to 4 is i times 
K ft., and soon. On the horizontal line the. distance 
torn to 1 represents the distance in one seci>nd due to 
pe velocity of projection; for instance, if tiie body is 
Brown with a velocity of 40 ft. per second the distance 
rom to 1 represents 40 ft. The figures 0, 1, 2, 3, 4, 5 are 
[quidistant, and are ]ilaced at the positions which the^ 




body would occupy at the end of successive seconds jfit 
moved in a straiglit Jine with its iuitial velocity con- 
tinued uniform. We are to draw vertical lines through 
these points and horinontal lineB through the other set of 
points, OS ia done in tlie figure, and the points of meet- 
ing will represent the actual positions of the falling body 
at t!ie ends of the successive seconda. 

The path of the hody is a curved line, called a jtara- 
hiUi. If the body be thrown back from any point in iis 
path with the same velocity with which it arrived there, 
it will retrace its path upwards; and supposing no ob- 
stacle to be in the way it will pass through and 
descend in an exactly similar curve on the other aide. 
A stone or a cricket-ball wlien thrown describea a para- 
bola, except in so far as the resistance of the air may 
shghtly interfere with its movement. In the case of 
bomb-shella, cannon-balls, and musket or rifle bullets, the 
velocity is so high that the resistance of the air tells 
very much, and causes a considerable loas of velocity) 
but it is important to remark that however great the 
velocity of discharge may be, the path will never be quite 
Btraiglit. It is always a curve, though it may be so flat 
that a portion some yards long would easily be mistaken 
for a straight line. This is allowed for in taking aim 
with riiles. The barrel is always pointed above the 
mark, and is turned up more and more as the distanca 
increases. 

47. The greater the velocity of discharfre the flatter 
the curve will be; and if the projectile were above the 
earth's atmosphere so as to move without resistance, ft 
certain velocity, which is easily calculated, would make 
its curvature as flat as that of the earth's surface, ao that 
it would circle round the earth and be a satellite. 

The force which keeps any satellite revolving round 
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its primary ta precisely Bimilar to the force which deter- 
mines the course of a cricltet-ball as it is travelling 
through the air; and the moveraenta of the primary 
planets themselves in their courses round the sun are 
Bimilarly explained. 

48. Centrifugal Force. We must now say a little 
about what is commonly called centrifugal fiirce. We 
shall tirst give some examples of it, and then explain 
vhat it is. 

When a stone ta swung round in a sling, the strings are 
kept tight by the tendency of the stone to get away. It 
IB to be observed, however, tiiat when the atone does get 
sway it does not fly outwards from the centre of the 
circle it has been describing, but goes 
off at a tangent. 

A rapidly revolving wheel in like 
manner throws off water or rand in 
^e direction of a tangent to the wheel. 

Again, if we are travelling in a rail- 
Way train, and suddenly eome from a 
Straight part of the line to a sharp 
curve where tho litie turns round to 
the right, we find ourselves thrown to 
the left side of the carriage — that is, 
towards the outside of the curve. 

Again, if a vessel of water (iig. 32) 
is rapidly rotated round its axis (the 
flotted line in the figure), the water 
in the vessel, instead of having a level 
(urface, will bo concave — the middle 
►ill be lower than the outside; and if 
the rotation is very rapid the hollow may even extend 
Sown to tho very bottom, and leave a dry place in the 
Wntre with a circular wall of water all round it. 




All these effects are popularly attributed to centrifwjal 
Jiirct. "Now let ua see how they are to be explained. 

49. Let AD (fig. 33) be the direction in which a ca> 
riage has been proceeding till it cornea to the cuire AR 
If a person is Btandiiig on the floor of the carriage his 
feet are compelled to follow the curve, and his body (il 
he makes no special effort) continues moving along AD, 
^ thus giving him a ten- 

dency to fall over to the 
left, because his feet are 
carried from under him 
to the right. He fuels aa if he were thrown towards the 
left side of the carriage, whereas, what really happens ii, 
the left side of the carriage moves towards him. 

The same figure may represent a small portion of tlie 
path of the stoue in the sling. A D is the directioii in 
which the stone would move if it were released at A, 
but the pressure of the leather against it makes it move 
ill the curve. The pressure of the leather must be just 
aa much as would move the same stone from rest through 
the distance D B in the same time. The string has to 
exert a pull equal to this pressure, and is therefore kept 
tight. 

In like manner the sides of the whirling vessel in fi^ 
32 press the water; and the water is squeezed up by 
this pressure for the same reason that, when a glass half 
full of water is suddenly pushed forward, it rises against 
the aide from which the push comca. 

60. Our next subject is the pendulum. 

In studying the laws of pendulums experimentally, we 
may begin by employing leaden bullets suapended by 
threads of Tarious lengths. We shall find that lengthen- 
ing the thread retards the vibrations, and that if wa 
want to make the viiirations twice as slow we must make 
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JM) thread four timea as long; to make them t 
B slow we must make tlie tliread nine 
imea as ]ong, and so on ; that ia, the length 
jf the threud must be inversely aa the 
)quare of the number of vibrations made 
lO a given time, 

e shall also find that the quickness 
i>f vibration is hardly affected at all by tJie 
Bxtent of the swing, as long as this is kept 
irithin moderate limits. For instnuce, if 
the thread ia a yard long, we shall not be 
tble to detect any difference when we make 
Uie bullet swing first to one inch on each 
tide of the lowest point, and eecoudly to 
two inches on each aide. This js the pro- 
perty which makes the pendulum so useful 
as a time-keeper. 

The pendulum of a clock has a heavy 
jight M (fig. 34) called the bob, near the 
lower end, and a screw V for raising or 
lowering the bob to a small extent. Screw- 
ing up the bob makes the pendulum go 
quicker. The rate at which a clock goes 
thiefly depends on its pfenduluin) if the 
pendulum ia taken off, the clock runs on 
more than a hundred times as fast as it 

ght to do. The pendulum checks the . 
clock by means of a wheel called the 
escapement wheel, which can only advance 
one tooth for each double swing of the pen- 
dulum. When a clock is found to be losing, 
the bob of its pendulum must be screwed 

IS tliis will make the pendulum go quicker 
is gaining, the hob must be screwed dowu. 



nes 
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61. When a pendulum is suspended apart from a 
and mounted in such a way as to have the least p< 
friction at its supports, it will make some hundr 
thousands of vibrations after being fairly set swi 
before it comes to rest By counting a large num 
vibrations, and observing the total time which 
occupy, the quickness of vibration is very accu 
known ; and it is from observations of this kind th 
knowledge of the variations of gravity over the < 
surface is chiefly derived; for a pendulum vibrates j 
where gravity is strongest. If a pendulum were c 
to a planet wliere gravity is four times as strong as 
earth, it would vibrate twice as fast. 
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CHiPTER VI.— PRESSURE OF FLUIDS. 

52. "We now come to that branch of DjnamicB whitli 
relates to fluide, under which nnme are iocliiiled hotli 
liquids uud gases. It is called Hydrostatios, and time 
pajt of it which relates to gases is called Pneumatics. 

53. One of the fundamental properties of a fluid is (hat 
the pressure at any point in it is the same in all direc- 
tions. The air in a room presses again.st every surface 
exposed to it — whether the floor, the ceilirig, the walls, 
or the 8urf.ices of objects in the room, with a force which 
amounts to nearly 15 lbs. for each square inch of surface, 

r rather less than a ton for each square foot. If we haie 
n piatoQ one square foot iii area which can travel air- 
tight in a cylinder, and there is vacuum on one side of it, 
while the other side is exposed to the pressure of the air, 
a force of nearly a ton will be required to hold the piston 
' 1 its place and prevent it from moving towards the side 
on which the vacuum is ; and this will be equally true 
whether the cylinder is fixed in a vertical, a horizontal, 
)r an oblique position. 

The avioiint of pressure exerted by the atmosphere upon 
a plane surface ia proportional to the area of the surface. 
It can be expressed as so many pmnds But the in/en- 
tity of the pi essure is the same whether the area be small 

r large, and can be expressed as so manj pimnd^ ■pfi 
square tnih The woid pie^suie alone sometimes mt<kns 
amount of pleasure, I ut mure frequently intensity of 



pressure, and wo must judge in each case by llie conWxt 
which ia meant When "the pressure at a point" is 
spoken of, it is inteitsity that is meant, and we shall 
generally employ the word pvs^n- in this sense. 

A pressure equal in intensity to that exerted by ordi- 
nary air is often called " a pressure of one atmosphere," ur 
sometimes simply "an atmosphere," and other pressures aw 
often expressed as so many atmospheres. Pressures up to 
5 or 10 atmospheres are very common in steam-engines. 

Though ordinary air is at a pressure of about i5 lbs. 
per square inch, it must not be supposed that this parti 
cular pressure is an inherent property of air. By com- 
pressing air we can make its pressure many times greater, 
anil by allowing it to expand we can make its pressure 
many times leas. We sliall return to this aubject later. 

64. We have now to speak of the pressure of liquids. 
If the upper surface of a liquid is exposed to the air, aa 
is usually the ease, the pressure just beneath the surface 
is a little greater than atmospheric, and the deeper we 
go down the greater the pressure becomes — a fact well 
known to swimmers, the increased pressure being very 
sensible in tiieir ears when they dive deep. The pressure 
increases at the rate of about one atmosphere for every 
34 feet that we go down; so that at 3i feet deep it is 
two atmospheres, at 68 feet three atmospheres, and bo an^ 

65, The reason why the pressure increases with tba 
depth is because the liquid is heavy. If we have a cylin- 
drical jar filled to any depth vnih liquid, the bottom has 
to bear the whole weight of the liquid; for the pressure 
at the sides is honzontal, and there are no vertical forcea 
acting on the lirjuid except its own weight and the prea- 
aures on its top and bottom. The air presses it down 
from above, and the bottom of the vessel presses it up 
from below. The bottom has therefore to exert an 
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amount of pressure equal to the weight of the Jitjuid 
together with the amount of pressure exerted by tlie 
atmosphere on the top. The pressure on a square inch 
of the bottom will therefore be ecjiial to the weight of 
the column of water which stands upon this square inch 
as base, together with l.'i lbs., which is tlie amount of 
atmospheric pressure on tile top of the column. 

We thus see that the pressure of a liquid, with its sur- 
face exposed to the air, can be separated into two part«, 
one part being due to the weight of the liquid, and the 
other port being the atmospheric pressure which is trans- 
mitted through the liquid from above. In a large pro- 
poilion of the cases 
which call for prac- 
tical calculation, at- 



count, not b< 
is small, but 
it does not influence 
the result; for when 
pressure is uniform 
all round a body it 
does not tend to move 
the body one way 
more than another. 

86. The experiment 
represented in fig. 35 
affordaa good illustra- 
tion of the fact that 
liquids press upwards 

as well as downwards. A lamp chimney, or any tube 
open at both ends, is taken, and a piece of thin card 
,ther larger than one end of the tube. It is wsl 




It is ws^^^ 
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vraler-lerel, is much used in surveying, when quickness is 
more essential than extreme accuracy. It is attached to 
a tripod stand wliich only requires to be planted firm)/ 




on the ground, and there is no necessity for the connect- 
ing tnbe S S to he exactly horizontal. As soon as the tubes 
are uncorked, the water will find its own level in the two 
npright tubes at ra and n, and the observer is thua 
furnished with 4 hue of sight mn, which he knows to he 
horizontal Fig. 38 explajns how, with the aid of this 




instrument, the difference of the levels of the ground at 
two stations A and B can be determined. 

Spirit-levels, fig. 39, depend upon a different principle 



-illuBtrated by fig. ■ll'— the principle that the bubble ' 
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stand. This ia the kind 

in surveying for railways, 
determination of 
el 9 with great 
accuracy, 

59. If we have 
two different li- 
quids in tubes con- 
nected at the bot- 
tom, they will not 
stand at the same 
level unless they 
lappen tobeof the 
same density; but 
the surface of the 
lighter liquid will 
lie the higher. The 
difference is niost r^ 
noticeable wlu-n ^ 
the difference of 
density is very great, a 



part of the tube. The tube is 
always slightly 
convex up wank, 
and its middle 
point is the higli- 
est only when 
both ends are at 
the same level. 

Fig. 41 repre- 
sents a telescope 
withaspirit-level 
attached, mount- 
ed on a tripod 

of instniment that ia employed 
, or other purposes requiring the 




Fig. 42 shows the result of first pouring mercury into o 
Iwnt tulie open at both ends, and ihon pouring in water 
on the top of one of its surfaces. Tliis surface will be 
depressed by the weight of the water above it, and the 
iitlier surfa'« will be forced up, but only to a very sniill 
distance compared with the depth of tlie 
*1^ water. TJje figure shows the lower of the 

two mercury surfaces standing at the height 
marked 5 ou the scale, and the higher it 
8, while the water is standing at about 4L 
Tlie height of the water column is there- 
fore 47-5 or i'2, and the difference of 
Fin. e. levels of the two mercury surfaces is 3. 

The ratio of 42 to 3 is 14 to 1, and ma- 
cury is about 14 times as heavy as water. The reason 
may be understood by considering fig, 43, which rep'e- 
sents a similar distribution of water and mercury. EK 
ia a horizontal line drawn aciMss from the surface of jaw- 
tion of the two liquids at E, The pressure at E' must he 
the same as at E, because, as we travel from 
one of these points to the other throagh 
the mercury in the bend, the increase of 
pressure in going down from E to tlic 
lowest point will be exactly equal to the 
decrease in going up from tlie lowest point 
to E'. But the pressure at E' is due to the 
column E'D of mercury, while the pressure 
at E is duo to the column E A of water, 
and the pressure due to a column of liquid 
is jointly proportional to its height and its 
density. The heights EA and E'D are tlierefore 
versely as the densities, 

60. Fig. 44 represents an instrument called a pipetle, 
which is iutended to bo partly filled with liquid by sucking 




ipper end, while the lower end, which is small, 

traed in the liquid which we wish to draw uji. 

nough liquid has been auuked up, the mouth may 

ved and tho top closed air-tight with the finger. 

trument with itB contents tnuy then be lifted and 

about without the liquid running out. The air 

le liquid in the instru- 

i at less than atmo- 

pressure, and though 

Bsure increases as we 

own the liquid, it only 

a.ins atmospheric pres- 

the bottom. 

'ig. 45 shows the con 

n of an ordinaij 

-pump There is % 

iding from the w itti 

well to a wider ]iirt 

he blind in whith the 

works up and down 

s a valve at the top if 

a, which pormita watu 

from the tube to the 
but prevents it from 
ig. There 13 aliu a 
ir in the bgure a pair 
Bs) in the piston, per 

the water to pass up, 

to pass down. ' 

Vhen we begin to work the pump after it has been 
g idle for some time, the band and tube are full 
own to the level of the water in the well. Ah we 
e piaton from the bottom of the barrel to the top, 
md the air beneath it, thus diminishing' its pressure, 
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ami causing the water to rise in the tube, to such a height 
as will keep the pressure in the lower part of the tube equal 
to the pressure in the water outside at the same level. 
The pressure at that point of the tube wliich is level ivitli 
the siii-face of the water in the well, iiitigt be equal Ui 
aiiuosgiheric. In the descent of the piston, the lower 
vaive closes, ami the air which was in the barrel escapes 
upwards through the valves in the piston. In the next 
ascent of the piston the remaining air becomes still more 
expanded than in the first upstroke, and the water riees 
higher. It thus after a few preliminary strokes riaea into 
the barrel, and the regular working of the pump begins. 

In the regular working there is no air to be expanded 
by the ascent of the piston. The piston is completely 
immersed in water, and as it rises the water riaes with it, 
the reason being that the column of water from the piston 
down to the well is not tall enough to balance atmo- 
spheric pressure which acts on the siiHace of the water 
in the well The column is accordingly not only sustained 
by atmospheric pressure, hut pressed by it against the 
bottom of the piston. If we stop pumping for a moment, 
so as to leave the water at rest, the pressure at any point 
in the tube can be calculated from knowing that it is 
atmospheric at the point which is level with the external 
water-surface, and that it decreases upwards at the rate 
of one atmosphere of pressure for 34 feet. Thus, at the 
height of IT feet the pressure will be half an atmosphere; 
at the height of 8J feet it will be three quarters of an 
atmosphere, and at the height of 25J feet one quarter of 
an atmosphere. This is about as high as it would be safe 
to place the piston, as some margin must be loft to allow 
for leakage. 

63. When once the water has passed up through the 
valves in the piston, it is no longer dependent on atmo- 



Bj)lieric preasui^e for its aiipport, but is siiii])ly piialieJ up 
by the piston. Hence the heigiit of the epout above the 
piston is not limited hy any con si derations of atmo- 
spheric pressure. It is sometimes as much as 50 ft., in 
wliich case the pump is called a Ujl-pwmp, but more usu- 
ally it is only a. few inches. 

If the piston ia leaky, it is advantageous to pour in 
water, and so expel air from the barrel before beginning 
to pump, leaks being of less consequence with water than 
with air, because water does not expand as air does. 

64. In the force-pump there are also two valves, which 
are shown at A and C, fig. 50 (art 70). One of them 
A opens upwards from the supply-tube into the barrel, 
just as in the suction-pump, and the other opens 
outwards from the baii'el to the discharge-pipe. A com- 




pbination of two force-pamps is shown in fig. 46, which is 
[ B section of a fire-engine. The left-hand piston is as- 
cending, and water is flowing into its barrel through the 
Talve at the bnttom. The riglit-huiid piston is descending, 
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anil tlie walor is being forced out from its barrel througli 
the valve at tlie biiIb into a central reservoir. From this 
reservoir tlie water rueliea up the tube in its centre, wfaidi 
is in connection with the hose (not shown in the figure), 
It will be seen in tlie figure that the water does nut 
rise to till' top of the Mntral reservoir, but has aa sir- 




-space above it. The air in this space is in a stttte of com- 
pression, and if allowed to expand to atmospheric preesnTfi 
would extend down to the lower end of the central tube, 
It expands a little between one stroke and the next, and 
is compressed again by each stroke. It thus acts tha 
part of a spring and makes the discharge continuous. 

65. The siphon, in its simplest form, is merely a tube 
with both ends bent down (fig. 47), If wo put one end 



nto a vesaol rif water, and BUck at the other end till the 
rater comes over, we may leave off suckin^^ and the 
rater will go on flowing of itself, provided that the dis- 
bargiDg end is at a lower level thou the surface of the 
rater in the vessel. 

Instead of sucking, we may first fill the tube by dipping 
t in a tub of water, and then keep the ends plugged with 
nir fingers till we have carried it into position. 

Instead of letting it dischai^ into the air, we may 
keep the dischaT^ing end in water, and the flow will con- 
^nue till this water rises to the eame level as that in the 
Ipper vesaeL 

66. The water has to run ui)hill in the first part of its pas- 
lage through the siphon, hut it then runs downhill through 
t greater distance, and the ultimate tendency is for the 
rater by flowing through the siphon to find its own level. 

We may substantially explain the principle of the 
jphon by saying that the greater weight of the tallej 
hinin pulls the shorter column aver, while atmospheric 
esBure binds the whole together. 
The following explanation is more complete ;- 

67. Let m n, m n' (tig, 48) be the surface^s of the liquid; 
the two vessels, e the highest 

bint of the siphon, a 6 and 
b' the paits of it winch are at 

be levels of the two water-sur- 
Let h lie the height of c 

l>ove a h and A' (a larger qiian- 

ty) its height above a V. 
Suppose a plug were inserted at a h, the pj-pssuie against 
luaderside would be atmospheric, and the pressure against 
> upper side would be loss than atmospheric, because 
is equal to the pressure at the same level in the other 
nb, which is less than that at the lower lev 
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Tlip phip: will therefore be pressed up more than it is 
j)rt'.sHc<l «lown, and hence if the plug is taken away the 
water will flow up. If we had apposed the plug to be 
at fi'h\ there would have been atmospheric pressure below 
it, and more than atmospheric pressure above it. In fact^ 
if H denotes the height of a column of water which 
would balance atmospheric pressure, we should have a 
])rcHsiiro 11 2X ah, a pressure H - A at c the highest point 
of i\\i'. siphon, and a pressure H-A+A' at the top of the 
])]u^ at //'//. But H-/i + A' is greater than H by the 
amount h' - //. We can show that at whatever point of 
{\\{\ tubn the plu<^ is placed, the difference of pressures on 
itH two sides is h' -h, always tending from ah towards 
a It \ licncc it is clear that if there is no plug, the water 
will 1m; forc(Ml through the tube in this direction. 

68. Principle of the Hydraulic Press. — Any addi- 
tioniil ])n»ssnro tluit we apply to one part of a confined 
h'(|ui(l is transmitted to the whole. Thus if we have a 

- ^ liquid in equilibrium in a 

closed vessel fitted with a 

])iston, and we press the pis- 

1 iMDiE m ton, the pressure is increased 

just as much in the distant as 
in the near portions of the 
liquid. If the piston has an 
anja of 1 square inch, and 
Avo ])ress it with a force of 
10 lbs., we produce a pressure 
of 10 lbs. per square inch 
throu<;]iout the whole of the 
li({iiid, ill luMilinii U\ the* prossuro which existed before. 
If tho |»iwtnn \\\\x\ WW iinwi of li square inches, it would 
nond a fnri'n of 'JO |li4, U\ jiroduce the same effect. Hence 
wu liiivo lilt (Miny >vitv to iiiiiko a small force balance a 



V'xit i:i 
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r large onfi by means of a liquid; we have simply to malte 
them push two pistons having areas proportional to the 
forces, as iUustrated liy fig, 4:9, which represents a weight 
I balancing another 16 times as great The large piston 
must have lf> times the area of the Bmall one. 

69. It is easy to show that the "principle of work " 
holds here, as in all other arraiigomenta for making a less 
force balance a greater; for if the one piston pushes back 
the other, the same quantity of liquid 
which leaves one cylinder will enter the 
other, and the length which this quan- 
tity of liquid occupies will be 10 times 
aa great in the small cylinder as iu the 
large one — that is, the small piston 
xnust move 16 tiiaes as far as the large 
one. Thus the work done, as i!oni[iuted 
by multiplying force hy distance, will 
be the same at both pistons, 

70. Instead of a piston working in a 
cylinder which it fits, we may employ 
a solid cylinder of the same area, and 
force it into the liquid. It will displace 
just as much liquid as the piston, if we 
pnsh it in to the same distance; and it 
requires exactly the same force to keep 
it in its place; for the pressure against 

the flat end iaclearly the same as agaiust d 

the piston, and the pressures round the ^'^g 
sides do not tend to push it either in ngu. 

OP out. Solid cylinders employed in 

this manner are called plungers, and they are preferable 
to pistons when very strong pressure is required, because 
they can be made more water-tight. A force-pump with 
plunger is shoivii in fig. 50. 
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s[iiite A is as long as 4 or 5 inches, the little air whick 
is in it will have espandeil so mncli that it scarcul; 
iiitLkes any difference in tbe height at which the mercury 
slaniiB; theu the pressure produced by the weight of tiie 




column of mercury balances the pressure of th external 
air. The height of the column is to be measured, not from 
the end of the glass tube, which may be immersed to any 
depth, but from the snrface of the mercury in the bowl; 
for this surface is at atmospheric pressure, and the mer- , 
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cTirj iiifeiile tlie tuiip at tlie same level haa l!ie same 
presiiure It ne incime the tube to one side, the suniiiiil 
of the lolunin gets nearer to A, but its vertical height 
above the mercury m the howl remains unchanged. 
Thi'i heigiit is tho same when the tube is very large as 
when it is only moderately large. 

74. To explain how the pressure of the air is calculated. 
Tve shall suppose the area of a section of the column to 
be exactly a square inch. Then if the column is upright 
and 30 inches high, it consists of 30 cubic inches of 
mercury, and tho weight of this column of mercury is 
ei]ual to the presaure on its base. The pressure per 
square inch is therefore the weight of 30 cubic inches of 
mercury, and as a cubic inch of mercury weighs nearly 
half a pound, this is nearly 15 lbs.; 14'7 lbs. is rather 
nearer. This then is the presaure of the air per square 
incli when the barometer stands at 30 inches. As the 
Ijeight of the column changes from time to time, the 
pressure of the air changes in the same proportion. For 
instance, when the barometer stands at 29 inches, the pres- 
sure is ^-: X 147, or about 14'2 lbs. per square inch. 

The first person who ever measured the pressure of 
the air was Torricelli, a pupil of Galileo. He contrived 

) experiment above described of inverting a tube of 
mercury, which is called after him the ToirkeUkm e^rjm-i- 
vtent, and tho vacuum above the mercury is called a 
Tm'rkeUian vucitum. 

76, The presaure of the air is simply due to its weight, 
I the lower strata of air being pressed by the weight of 
»I1 the strata above them. If we go to the top of a 
mountain, we leave a portion of the air below us, and 
have no longer to bear its weight. The jiressure aceor- 
dinglj' diminishes as we asci'nd. In ascending a mountain 
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a thousanil feet Jiigli, the fall of the barometric column 
of mercury is rather more than an inch. 

76. Mercury is about I3'6 times as heavy as witer; 
hence the column of wal«r required to balance a 30-iDili 
column of mercury haa a length of 30 in. x 13-6 = 408 jji, 
= 34 ft. This would be the height of the column in a wate^ 
barometer, and a atill lighter liquid, glycerine, is eometiiuus 
used, giving a barometric column of still greater length. 
Warm mercury gives a rather longer column than coM 
mercury because it is lighter, and this is allowed for 
ivlien accurate determinationa of atmospheric pressure 
are required. It is agreed by general consent 
that the temperature at wliich water freezes 
(O'Cent. or32°Fahr.) shall be regarded as tbo 
standard temperature for the mercury, and 
ivheu the temperature is higher than this a 
small correction must he subtracted. 

77. Another cause of ditferenco arises fan 
what is coiled capiUarilij. The top of t^B 
miircurial column is not flat but convex, aen 
bg. 52, and this circumstance {as we shiJl-QK^ 
plain further on) tends to keep down thstefr 
of the column. The effect is greatest in SBUtU 
tubes, and is scarcely sensible when the dia- 
meter is as much as half an inch. The length 
of the column is always to be measured up to 
ihe highest point of the convex surface, and 
even this is a little below the height that Wfl- 
shoidd obtain in a very large tube. A cormv 
tion, equal to tiiis difference, is added, when 
accurate measurement is required, 
ome barometers, instead of a straight (ubO' 
at the bottom, there is a curved tulM^ 
53, the sliorter branch being open to the air. 



78. In 

with 
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lu such inHtnimentH (railed stphon-barometefs, from their 
resemhlance to an inverted siphon), tile difference of 
level between the two ends of the naerciirial coliiran is 
to be taken as the measure of atmospheric pressure. 

79. There ig another kind of barometer which is now 
very common, called the anerniil. As it contains no 




1 much more portable than iiu'nmi.il litro- 
ineters, which require great care in carrjiug them to 
K avoid breaki^e. Our readers are doubtle-is familiar 
with its external appearance, and fig. 54 shows it** cnn 
struction. Its action depends on the piessure of the 
air upon the flexible top of an air-tight metal box, which 
is pushed in more or less as atniospiienc pressure is 
stronger or weaker. The flexible top is corrugated to 
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enters tbo barrel at a small distance (equal to tlie thick- 
ness of the piston) from tbe tower end. lioth valves open 
upwards. 

In tlio iip-stroke the piston-valve V keeps shut, and 
thcairnhovethepistonispuahedont of the barrel througli 
the valve U. In the ilowii- 
Btroke, tl is kept closed 1)J* 
the preponJerance of at- 
nioapberic pressure out- 
siile, anil the piston-vatre 
V opens, allowing the »it 
to pass up through it as 
the piston descends to the 
bottom of the barrel. 

84. The valves of ai^ 
pumps are of two kinds, 
silk valves and mechimicd 
valves. In silk valves, 
which are the kind nsnally 
employed by English makers, there is a short and nar- 
row sht in a thin plate of brass, and a flap of oiled silk 
is secured at both ends to the plate in such a position 
that its central portion covers the slit. When tlie pres- 
sure of the air is greater on the further aide of the plfiM 
than on the side where the silk is, the tlap is sH^^y 
lifted and the air gets through; but excess of pressure in 
the opposite direction presses the flap down over the slit 
and makes it air-tight. 

85. 8 and S' in fig. 57 are mechanical valvoa. TOb 
valve S' is carried by a rod which paKses through the 
piston, fitting tightly enough to be lifted by the pisbm 
when the up-stroke begins ; but its ascent is almost im- 
mediately arrested by a stop near the upper end of the 
rod, and the piston slides upon tlie rod during the 1* 




r 



mainder of the ii[)-Bt.roke. The piston-valvo S is al! this 
time kept closed by a weak spiral epriDg. In the (iown- 
Btrote the piatoii first carries down the valve-rod with 
it and cloBes the valve S'. It thea slides upon the rod 




tali it reaches the bottom of the baiTCJ, and during the 
]atter part of thi'i movement the piston vahe & is openi,d 
by the preisure of the air beneath it 

86. All air pump is ueuallv proiided with two stop- 
cocks — one ftr openm„' and interLspting communication 
between the barrel and the receiver, the other for admit 
ting the external air to the latter — a preoaution witlioiit 
■which it coidd not iie renio\ ed fiom tlie plate on winch 
it rests. The stop cock R in fig 57 (shown in section it 
0) does duty for both purposes, being piened with two 
openings winch do not communicate with each other 
VThen the pump is workmg, one of these holes forms a 
continuation of the air passage, as shown at R, and the 
Other hole is idle, bein^ optn to the air at both ends 
If the stop-cock la now turned through a nght angle in 
one direction so as to take the position shown in tho 
upper figure, the recen er is put in comniumtation with 
the external air, wLcieas, if it is turned tliiouj^h a rij,ht 
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: '^ -* : -■' : . ::se-:::ei!oe at first become more and 

^'- ' '■'■• -^^ :^:-i-r> c-'nsists in the fact that even 

• ■ ■ >: :: :< : usiiex home, it is not in absolute 

■ .: : ■:•:-: of :he r<iiTeL but there is a thin 

: .r '. :\-.-r- EctVrrin^ to tig. 56, when the 

- - ■ • : V : t/.e l-arr^L this layer of air above 

- • - ■ - "v." yr: s^ure, and liiiring the down-stroke 

. - . -:*:: :-.:.: iVrce to keep the valve Vshut 

, ■ : - -iS^v":. The valve will not open till 

:v.> :".-.o >an:e on lH>lh sides of it, and 

-. a:-. :\; :vr::c^n of the stroke that is 

-. ■ :::.:! of the stroke thus becomes 

. - . -. iv .; :: :v.ay st last vanish altogether, 

\;. i: a"1 When this point has been 

,v.-. v.: :v. :i.e vacuum will be obtained 

^ ■ * y. Very frev|uently there is also 

V , : . v. . ..". .■.:r ::;:o the pump or into the 

: /it :.■.::.;;'! 'e vacuum is verv differ- 

'.<. 1: >"...^i;M not exceed the pres- 

: -. ..:::>. ;\!m i: is seldom so low as 

'. : > vi.;s>,;v\ to keep the piston well 

> . . i: :> ;.".-.^ i-ooossarv for the bottom 

■ 1 ■ . : : :: c r'..i:r \rrv accuratelv, and to be 

..f • i. .' j \i'".i r.;i>'iv»t ^^i:h stiff gi*ease. Under 
•' >. " !'•! ••••i. Mii-1 \\}\h the stv^p-oock turned so as to 
V :• «' ■ i.fM'i iiMiii tlic barrel, the vacuum will 
••"!"■ ^ !■ iMMJn t«'r d:i\s without sensible deterioration. 
1^*J I '».' l':i-i< mI" llie e:iIenlMtion in art. 90 shows that 
*"■•.' j'l' ';'!»•-< nf the exiianstion depends on the size of 
*' .• !vn'( 1 :i< rrMnpMii'd ^\ilh llie receiver. With a given 
I' -UM*. the ^inalhi \\w receiver is that we employ, the 
J ^*.! \\\\\ hrthr stitches veiiuireil to obtain a given degree 
»'• ruetmtion. 
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To shfiw the tendency of air to expaml, we may take 
a nearly empty air-tight bag— a bladder, or an Indian- 
rubber ball will serve — and having secured its neck care- 
fully an as to prevent leakage, place it under the receiver 
uf an aiv-jniiiip, aa ehoivn in the right-hand portion of fig. 61. 




As we exhaust the receiver, the bag will swell out and be- 
come tigbt, as shown in the lefthand portion of tlie figure. 
9(S. Fig. 62 repreaenta an apparatus contrived by Otto 
Guericke of Magdeburg, the inventor of the air-pnm]i, 
for showing the pressure of the air. The two hemi- 
spherea must fit accurately together, and must bo well 
greased with tallow at their junction to prevent air 
leaking in. They are then screwed on to the air-pump 
and exhausted. The external air now aqueozea them 
tightly toguthor, and the force required to separate them 
can be tested by turning the tap across, unscrewing the 
apparatus from the pump, and attaching handles for 
pulling. The usual size is about 4 inches in diameter, 



lameter, li 




and requires a man's utmost strcngtli to pull the liemi- 

splieres asunder. T!ie following is tlie 

way to caJculdtc the necessary foKti. 

If the diameter is 4 iiichps, the area 

of the circle will be Iti x -"854= 12i 

square inches nearly. As there will 

not be a perfect vacuum inside, we will 

allow for tliis by taking atmospheiif 

pressure as 14 instead of 14-7 lbs. per 

square inch. We must mid tiply 14 llis. 

by 12j, and this gives 1T5 lbs. aa tlie 

force with wliicli one hemispheie is 

pressed against the other. 

It would not do to multiply 14 1 

by the surface of the hemisphere; for 

the pressure everj-where acts at right 

ansjlea to the surface, and we are only t 

that component of the pressure 
which is parallel to the common 
axis of the two hemispheres. \\ e 
know that a solid hemisphere 
would not be moved by the pres- 
sure of the air, and hence the 
amount of pressure against its 
at base must be exactly the Biuiie 
as the resultant of all the ]>re3- 
surea over its convex portion. 

96. Fig. 63 represents the ex- 
periment of bursting, by means 
of atmospheric pressure, a piere 
of bladder tied over the top of a 
glass vessel open both at top and 
bottom. Thin sheet indian-rubbcr 
1 answers better, bat requires a taller glass, as the Indian- 
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rubber bends down a long diBtance before it bursts, and 
would touch the plato in tlio figure. If bladder is nseci, 
it should be the tliinnest that can be procured. The 
bursting ia aceotiipanied by a loud report. 
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CRAPiBtt VIII.-PRINCIPLES OF FLOATATIf 

97. We have now to epeuk of the floating and sinUiif 
of bodies in liquids. 

If we pour water and mercury into a bottle, the mer- 
cuiy goea to the bottom and the water rests on the top 
of it, the top of the mercury or the hottona of the water 
forming a level surface; imd 
any liquids that do not mix 
behave in the eame way. 
1 f we use mercury, water, 
iuid oil, we sball thus ob- 
tain three horizontal atrata, 
the lightest of the three 
liquids, namely the oil, 
:; o.\ being uppermost, and the 

heaviest, that is the mer- 
cury, lowest. (See fig. 64.) 
A solid ball of iron put 
into water or oO goes to 
the bottom, because it is 
heavier bulk for bulk than 
these liquids; but if put 
into mercury it floats, because iron is lighter tlian mer- 
cury. 

98. In discussing the floating or sinking of a hnllow 
ball of iron, we must compare its weight witii that of 





_ the water which it would displaco if tonijjletolj' i. 
This volume is the same as that wliii'h would be dis- 
placed by a solid ball of the same external diameter; aiid 
if the hollow ball weighs less than a sphere of water of this 
size it will Hoat ; but if it weighs more it will sink. If ii 
has exactly the same weight as the sjihore of water, it 
will stay at any depth at which it is placed, neither 
tending to sink nor to rise; but we mnst not place it so 
high that any of it protrudes above the surface. 

99. When a body floats on a liquid, we may divide it 
in imagination into two parts by supposing the plane of 
the liquid surface to be continued through it. The lower 
of these two parts displaces its own volume of the liquid, 
and the weight of the liquid thus displaced is equal to 
the weight of both parts of the floating body together. 
If the body is hollow, all the hollow space that lies 
below the surface of the liquid must be included in 
reckoning the volume of the lower part; for it is dear 
that the volume of liquid that is jiusLetl out of the way 
when the bo<!y is put in, is the same as it would be for a 
solid body of the same external form immersed to the 
same depth. Similar reasoning applies to iron steamers. 
In every case, the weight of the steamer, including all 
that it carn'es, is equal to the weight of the water which 
it displaces. 

100. A very instructive experiment may be performed 
by putting strong brine into the lower portion of a tall 
vessel (fig. 66) and gently filling up with water. If an egg 
is now gently jmt in, it will sink through the fresh watei', 
because it is heavier than water; but it will not sink in 
the strong brine. It takes up its position at the junction 
of the two, and will remain suspended in the middle of 
the liquid for days or months. If we give it a gentle 
push with a stick, it vibrates up and down, and soon 
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comeft to rest in its old iKJsition, When puslied Iowa 
than this, it conies up, because it displnces more than iu 
own weight of the liquid- and when placed higher than 




tliis, it des<,'f'ni!';, liocause it displacea less titan its own 
weight of the liijitid. 

101. In every case, whether a body be totally immersed 
or only partially immei-sed, it tends to go deeper when i 
it is displacing less than its own weight, and to rise 
higher when it is displacing more than its own weight, 

This rule applies to gnses as well as to liquids, and is 
exemplified by balloons. The gas within a balloon is 
lighter than air, and if the total weight of the balloon 
and all that it carries is less than that of the air which it 
liisplaces, it will ascend. 

A balloon at starting is usually not fully inflated. As 
it rises, the atmospheric pressure around it diminishei, 
and the gas within it accordingly expands. Suppose the 
balloon to be inflated to y'^ of its capacity. Then it will 
become folly inflated when it reaches a height at which 
the pressure is ^^ of the original juiissurf, and .it which 
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the density ia acconiingly -^g of the original density. 
The weight of air displaced will then he exactly the 
same as at starting; for the volnme has been increased 

9 to 10, and the density diminished as 10 to 9. But 
this calculation leaves out of account the volume of the 
solid parts of the ballooD. As these do not expand like 
gas, they displace a less weight of air than at start- 
ing, and the balloon when it has attained a certain height 

in equilibrium, like the egg in the vessel of brine and 
water. The weight of coal-gas is about i of that of air. 

108. AVIien we hang a leaden plummet in ivater by a 
string, the string has not to bear the full weight of the 
plummet, but only the difference between the full weight 
and the weiglit of the water displaced. The weight 
which the string has to bear is called the apparent weiijkt 
of the plummet, and the difference between the appureiU 
veight and the real weight of the plummet ia called the 
hss of weight due to immersion. 

Whenever a solid body ia completely immersed in a 
liquid, its apparent weight is less than its real weight by 
an amount which ia eijual to the weight of the iiquid 
which it displaces. 

Flint-glass ia three times as heavy as water, henr-e a 
solid lump of flint-glass displaces one-third of its own 
weight of water, and loses one-third of its weight 
apparently, when immersed. Iron, being about 7 times 
as heavy as water, loses about one-seventh of its weight. 

103. This principle furnishes a very easy method of 
comparing the weight of a solid with that of a liquid in 
which it can bo immersed without injury. 

If the solid weighs 7 lbs. in air and 5 lbs. in the liquid, 
the weight of liquid displaced is 2 Iba., and the weight of 
the solid is to that of the hquid, bulk for bulk, as 7 to 2. 

The heaviness of a substance as compared with water 
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Piii'li 'Ifli'hiilimH.iii* nt Hiwilic gravity, the body 1 
siiRtiHuli-l fiiiiii mil' I'f l.liii two scale-pans of a balance, ^ 
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flhi>\rt> ih lhi> llyiii". 'I'Imi liixly U tii-st wdghed i 
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and then afler immersion. Inste;id of siilitrai-tiiig one 
of these two weights from the other, we can directly 
obsei-ve the loss Uue to imnieraion, by first jintting eaiid 
or other suitable material into the other i>an till it bal- 
ances the boiiy before immersion, and then after iinraer- 
sion putting weights into the pan from whidi the body 
hangs till equilibrium is restored. 

lOS. Fig. 67 shows the application of the same appa^ 
ratuB to deternn'ning the spetsifio gravities of liquids, A 
glass ball containing mercury is hung from the pan, and 



its 



of 




ight by im- 
in the 
liquid under 
examination is 

observed. Its 
loss of weight 
by immersion 
in water is also 

observed. The 
former loss di- 
vided by the 
latter is the 
specific gravity 
of the liquid, 
for the two 
losses arc the 
weigbtsof equal 
volumes of the 
liquid in ques- 
tion and water. 

106. For rapiii determinations of the Rpecitic gravity 
of L'quids, hydrometerfl are often employed, Souje forms 
of them are shown in fig. G8. Tlii'y liai'c a long stp.mp 
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which is graduated, and the lower end is weighted witb 
iiKTciiry to keep them upright when floating in a liquid. 
Tlic lighter the liquid is, the deeper does the hydrometer 
sink; and the observer has always to read off the division 
of the stem that is at the surface of the liquid. Such 
instruments are very much used by excise officers for 
di.'termining the strength of spirits, alcohol being much 
lighter than water. 

107. The human body consists largely of water, and 
has about the same average specific gravity as water. 
In(rluding the cavity of the chest, which contains air, it is 
rather lighter than water; and a person who has sufficient 
skill to keep his nose and mouth uppermost, and to avoid 
o.'5ci nations uj) and down, can float without striking out. 
If the back of the head is allowed to come out of the 
water, the nioutli will go under; for the difference of spe- 
cific gravity is so small that only a very small portion of 
the ])0(ly can be kept above unless aided by the muscular 
elTort of swimming. A rather larger portion can be kept 
above in salt water, on account of its greater density; and 
this makes floating much easier. Sea water is about 2J 
l)er cent heavier than fresh water. 



Chapter IX.— CAPILLARITY AND DIFFUSION. 

108. We will now give some further information re- 
s])ecting capillarity — a subject to which we have briefly 
alluded in connection with the barometer. Fig. 69 
shows how clean bright mercury behaves when placed 
in a clean wine-glass, and fig. 70 shows how it behaves 
when a clean glass tube is dipped into it. The mercury 
draws itself down at the edges, as if it were endeavouring 
to avoid contact with the glass as much as possible; and 



witbin the tube, especially if tlie tube lie small, the ilu- 
pression extends even as far as the centre; so that even 
the highest part of the liquid within the tube is lower 
than the general level outside. 

Watei-, on the other hand, if the glass be not greasy, 
raises itself at the edges, as shown in fig. 71, and still 
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more within a amall tube, aa shown in fig. 72, thus mani- 
festing a tendency to extend the surface of contact with 
the glass. To get the full effect, the tube should be 
plunged a little lower than it is intended to remain, and 
then drawn up again, so aa to wet the surface above the 
level at which the liquid will stand. 

Any liquid which wets glass behaves like water, and 
any liquid which does not wet it behaves like mercury; 
hut the effects are different in degree for different liquids, 
and are especially lat^e in the case of water. 

109. The size of t!ie tube makes a great difference. 
Halving the internal diameter doubles the elevation of 
the water and doubles the depression of the mercury; 
hence we can imderstand how liquids are able to creep 
up to a great height in porous substances. It is by 
capillarity that oil ascends in the wick of a lamp, or 
water in a sponge or a brick. If one corner of a towel 
be in the water of a basin, while the opposite corner is 
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a considerably lower level outsi<ie, the towel will act like 
a wick and remove the water from the basin, letting it 
fall in drops upon the floor. A liquid will not drop from 
the end of a wick unless this end be at a lower level than 
th(», surface of the liquid in the reservoir. 

110. The forces which produce these effects are to a 
i^rcjit extent the same as those which produce the spherical 
form of drops and soap-bubbles. The surface of a liquid 
<;enerally tends to contract and become as small as pos- 
si])Ie; and the surface of a given quantity of water in a 
<lro}), or air in a bubble, is least when it is spherical. 

The air inclosed in a soap-bubble is at greater pressure 
than the air outside, as both the inner and the outer sur- 
faces of the bul>l)le are exerting a constant effort to con- 
tract; and for the same reason, if we partially blow a 
bul)l)le, and thtui remove our mouth from the pipe, the 
l)ul)l)le will draw itself into the bowl of the pipe. 

A iihn of Poaj)y water can easily be obtained by dipping 
a ring into the li(|ui(l — or by using the finger and thumb 
as a I'ing — and, whether the ring be in one plane or 
crooked, the iihn will always take such a shape as to have 
the smallest possi])le area that can span the interval. 

111. In the elevation of water within a small glass 
tube, three actions are combined: first, the tendency of 
the water to increase its surface of contact with the glass; 
secondly, its tendency to decrease its free surface (that 
is, the portion of its surface not in contact with any solid 
or li(iuid); and thii'dly, the weight of the liquid tending 
to urge it down. The first of these actions holds up the 
edge, and t\\v second holds up the middle of the liquid 
column, in o])position to the action of gravity. 

Mercury Umds to decrease its surface of contact with 
glass, but tends still more strongly to decrease its free 
surface. The first of these tendencies holds down the 
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edge, and the second holds down the middle of the column 
against the forte of gravity, which tends to push iijj the 
column to the same level as the liquid outside. The 
ratio of the two contractile forces can be dotennined 
from ohserving the angle which the mereiiry mokes with 
the glass all round the edge, and applying the principle of 
the parallelogram of forces; for if the oblique pull is re- 
Bolveil into two components, one along the tube and the 
other at right angles to it, the former of these must be 
equitl to the pidl along the surface of the glass. 

112. We will conclude these chapters on hydrostatics 
with an account of several processes which are included 
under the general name of difFnsion. 

If we gently pour a lighter liquid on the top of a hea- 
vier one which is of such a character as to mis easily 
with it, they will gradually mix of themselves, the hea- 
vier liquid diifusing itself upwards through the lighter 
and the lighter diffusing itself down through the heavier; 
but tliB process is so slow that it may be years before the 
mixture is sensibly complete. 

With gasps, in the same circumstances, a similar action 
takes place with great rapidity; so that if a bottle of the 
light gas hydrogen he inverted over a bottle of the heavy 
gas carbonic acid, with a tube connecting them, they will 
be completely intermixed in a few days, if not in a few 
hours. 

It is a mistake to suppose that the carbonic acid of 
people's breath settles to the lower rather than the upper 
portJon of a room. It tends to diii'use itself equally over 
the whole if time were given, and owing to the wannth 
and consequent lightness of the breath its first movement 
ia upward. The air is better ou the ground fioor of a 
crowded hall than in the gallery. 

113. Gases readily make their way tbioiigh porous 
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Biibstances, such as brick, or unglazed earthenware, or 
paper; and this process also is called diffusion. In this 
case a very exact law is found to hold, the lightest gases 
diffusing fastest exactly in the inverse ratio of the 
8(iuaT-e roots of their densities. Thus oxygen is 16 times 
as dense as hydrogen, and hydrogen diffuses through 
porous obstacles 4 times as fast as oxygen. 

(Jases also escape very readily through such obstacles 
as the sides of an indian-rubber tube, though indian- 
rubber cannot be classed among porous substances. The 
action here is more complex, the gas being first dissolved 
in the indian-rubber, and then given out by it from the 
outside, just as the water in a sewer-trap absorbs gases 
from the sewer and then gives them out to the open air. 

114. All kinds of salts when dissolved in water diffuse 
easily through i)orous membranes, but gum and starch 
diffuse with extreme slowness. Substances of the latter 
class are called colloids (from the Greek kolU, glue), 
those of the former class crystalloids. Colloids have 
hardly any taste, and do not crystallize. Crystalloids 
have a strong taste, and crystallize easily. Chemists 
often separate saline from colloid substances by placing 
the compound solution on one side of a membrane, (De 
la Eue's parchment paper is used for the purpose,) and 
pure water on the other side. The salts escape through 
the membrane, leaving the colloid substances behind. 
This mode of separation is called dialysis. 

115. The entrance of water into the pores of a sub- 
stance often causes an increase of bulk, and the removal 
of the water produces contraction again. Paper when 
wetted expands visibly in length and breadth, and goes 
into creases if its edges are fixed. Wood, when wetted, 
expands in breadth and thickness, but not in length, if 
its fibres run in the direction of the length. 
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A rope or thread, if it were merely a huiidle of straight 
fibres bound together, would increase in diameter, and 
its length would not be much affected; but owing to its 
strands being wound round one another, there is a, rather 
complicated action. The strands swell in diameter but 
not in length, and thus each strand having to go round 
a larger circumference, cannot cover so great a length as 
before. The rope is consequently shortened. 

When a substance is first wetted and then dried, it 
often shrinks to less bulk than it originally occupied; 
and this is especially the case when the drying is per- 
formed rapidly. Shoes which have got wet through and 
have been dried at the fire are found to be tighter than 
before; but a Uttle use stretches them again till they are 
as large as ever; and it is probably the case that when- 
ever shrinking is produced by first wetting and then 
drying a substance, it is because the body had previously 
been stretched Iwyond its natural condition, and the 
wetting and drying merely takes the stretch out of it. 

The shrinking of wood as it dries is very observable 
in buildings. The flooring boards of a new house are 
always laid so as to fit close, but after tl 1 u e 1 a 
been inhabited for a few years they leaie la g p 
between them. Logs of wood frequently a k a tl j 
dry, owing to -the outside drying faster than th nt 
and thus becoming too tight. 
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Chapter X.— TEMPERATURE AND EXPANSION. 

116. When we touch a body which is warmer than 
ourselves we feel a sensation of warmth, and when we 
touch a body colder than our^lves we feel a sensation of 
cold. 

Heat often passes from one body to another. If a 
liot iron is put into cold water, the iron becomes cooled 
and the water becomes warmed. The iron in fact gives 
heat to the water. On the other hand, if a cold iron is 
put into hot water, the iron is heated and the water is 
cooUkI, because the iron takes heat from the water. 

If tlic iron is neitlier hotter nor colder than the water 
into wliicli it is put, it will not be made either hotter or 
colder hy the immersion. The iron is then said to have 
the same fon/ienifure as tlie water. When we say that 
two bodies "Iiave the same temperature," or " are at the 
same temperature," we mean that putting them in con- 
tact would not cause one of them to become hotter and 
the other colder than at present. It is not necessary 
actually to put the bodies in contact to decide this 
point. It is sufhcicnt to put one and the same body in 
contact with them both. The instrument used for this 
jiurpose is called a thermometer. We put it in contact 
with one body till it has had time to come to the tem- 
perature of that body. Wo then put it in contact with 
the other body, and observe whether the temperature 
indicated is the same. 
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WLen we Bay tiiat one body A is at a higher tem- 
perature than another B, we mean that if they were 
placed in contact, A would be cooled and B warmed by 
the contact; or that a thermometer, after being for some 
time in contact with A, on being transferred to B would 
fall in temperature. 

117. In ordinary 3[ieGch we should call A warmer or 
hotter than B, and should call B cooler or colder than 
A. But here a caution ia necessary. We talk of "cold" 
eteel, and of "warm" woollen clothes; because if we 
touch steel and woollen cloth when both of them are at 
the ordinary temperature of the air, tlie steel feels much 
colder to the touch than the cloth. It gives us a stronger 

..Bensation of cold, because it takes heat from us faster 
than the cloth, though both are at the same temperature. 
On the other hand, if they are both of them at the teiu- 

fperature of boiling water, we can touch the cloth without 

' taking harm, but the iron wi!l be too hot to toucL The 
strength of the sensation of heat or eold that we get by 

^ touching a body depends then on some inherent pro- 
perty in the body, as well as on that variable property 

'which we call its temperature. Some bodies have the 
power of taking in and giving out heat more readily than 

rothers, and are thus more apt both to ehill and to bui'u us. 

V 118. All bodies when allowed to touch, or when shut 

^jDp in an inclosure that will not allow any heat to pass 

tia or out, come at last to the same temperature. 

' Just as water runs down from a higher to a lower 
Jevel in connected vessels, until the level is tlie same 

An them all, so heat runs down from a higher to a lower 

.temperature in connected bodies until the temperature is 
the same in them all. 

119. Expansion by Heat. — Heat in nearly all cases 

I lends to produce expansion. 
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L hns» liall thkt will only just go thnmgb 
k iiiiiFi Tiri^- niioiiculd (fig. 73), we find, on faekdng the toll 
lij- iiniDimion in hot wftter, or by holding it in the flame 
nf the Kjiirit Uni[i«hown in the fignre, that it is too bigbj 
ga ihrttix^b. Oil the other hand, if we keep the ball rM 
Aiid hc«l tlio ring, we find the ball goes through more 
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liolU'', ili.i I". I 11.1) 1,1 ^,; ... ,.„L. .o i.j uanii the nock of 
thti Ixillli' by lK<.< trii^tion ot a piece of stout string passed 
rouiiil It mid itruwn hackwAnU and fi^rwards. The neck is 
tliUi limdu H'ni'iiinr rliiin tho stopper, which is consequently 
Iniiauiiuil 111 litylng thi' mils of a railway — especially in 
cold we lit 1 1 ei'— It ia noroaanry lo loavo spaces between the 
eiiiji, Hi lu to ^ivo tho mils room to lengthen when the 
W^ulliur lieuLiiiiiia wtiriii. 

lailiiids Bxiimiil UH a rule much more than solids, and 
air ivrid oilier gawa ex]iinid much more thun liquids. 
Mnriniry expamls uhuut 7 times as much as y;la83, alcohol 
tlliiea na iniiuh as memirj', and uir 3J times as much 
ni alcohol. 

It \» the expansion of air by heat that causes (he ) 
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gilt up a chimney, the hot air l)eing mnre eKpacded 
tberefore lighter than the cold air, so that it tends txr. 
id. 

: Bolid bodies, the metals are tlie most expanBiblg. 
, for example, expands about half as much a^aii 
, and bi-ass more than twice as much. It was once; 
imary to build long flat bars of iron into walls, foT 
purpose of strengthening tlie brick- 
c; but it ia now known that the expan- 

and contraction of these bars with 

and cold tear tliem away fi'om the 
;ar ia which they are embedded, so 

tbey are a source of weakness instead 
roDgth. 

lO, The instrument most frequently 

for measuring temperature is the 

;arlal thermometer (fig. 74}. It con- 

of a tube or stem of very small ami 
orm bore, with an enlargement called 
bidb at one end. The mercury fills 

bulb and occupies a portion of the 

as well. The tube ia divided into 
J parts called degrees, and the tempera- 
is expressed by stating the degree at 
;h the mercury stands. In tlie ther- 
letera chiefly used in this country, the 
t at which the mercury stands when 
thermometer is immersed in a mixture Ti.tm.^mM™ 
•a and water is marked 32°, and the 
t at which it stands when immersed in the steam of 
ng water is marked 212°, The small circle over the 
■es ia the symbol for " degrees." There is, therefore, 
iterval of 180° between the iv/o fibred points, as they 
lalled, one being usually called freezing-point and the 
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oiher ^' iii p-iy'int: and if the tube is exactly uniform, 
;ijr>o 1>0 tiojjrees oujjht to be marked at exactly equal 
•iisT;inofs. When alcohol or any other liquid is employetl 
insiiati t»i nu-Txury, the degrees are marked in such a way 
;is to ni;ike ihe instniment agree with a mercurial ther- 
moniotrr: Aud the actual lengths which the degrees occupy 
i*n ilio s:rni are not exactly equal, but are rather longer 
;;: :l.r ui«;t r ihan at the lower end. 

151. Wiun we call the freezing-point 32° and the 
1 oili'.i: jM.iii: -1-^' we are said to employ the Fahrenheit 

An-.'tiiov s.ale. which on account of its simplicity has 
loon a'i'i'Ti.i as the standai-d one for scientific purposes, 
i s r a ! ! I' . i li i o ' • , : m; /\ r • /? .*•( » /«'. It cal Is the freezing-point 
'■ ;iii«i till' I'l'ilinj^-point 100\ Hence the same length 
•Ti tiio sr.in. vw* tiie same interval of temperature, which 
i> ili villi vl iiuo K"*0 Fahrenheit degrees, is only divided 
inu* lui» rr:.ii_:ia le ilemvos. These numbers are in the 
ratii» of i» to .">. s.» tliat an interval of 9^ Fahrenheit is the 
<atno as an inmval dt ."r I'entiirrade, and a Fahrenheit 
• ioLiivi' i< «niv "' i.f a roniii:raiie dejjcree. The names 
Falnvnlu'it aini ('onriLrra«io are abbreviated into Fahr. 
and l'<'nt., or simply F. and C 

122. In roihuini: a toini»eratiire from one of these 
;:calos to the other, wo have to ]'orfi>rm two operations; 
one o(»nsists in nuiitinlvinic bv :'; or V, and the other in 
addinir t»r subtraetinix IV2. Thus, if we want to find 
what ttMnperature ('entigrade is tlio same as 50^ Fahr.. 
we must iirst sid)tract 32, to find how far the temperature 
is from frorzinLr-})oint. It is 18' al)ove freezing-point, 
and since \)' Fahr. are e<iual to 5 Cent, we must mul- 
tiply by fl; this gives 10^ The temperature is accor- 
dini^dv lOM^cut. 

Again, let us calculate what temperatiu-o Cent, is th'j 
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same as zeru Falir. It is 33 Lelow freezing-point, and 
this 32 must be multiplied by J, giving 17| ; hence the 
temperature is minus n°l Cent, or ti( one place of 
tbciraals — 17''-8 C. 

Now let us take an example of the opposite kind. 
What temperature Fahr. is the same as 50° C. 't Tliia is 
50" above freezing, and multii)lying by | we see that it is 
90° Fahr. above freezing, that ia, above 32° Fahr. It is, 
therefore, the temperature 122" Fahr. 

123. In working numerical examples relating to con- 
version from one scale to the other, the student ehoutd 
first consider whether the question turns merely on the 
lengths of the degrees, and therefore merely reijuires 
multiplication by | or |, or whetber it also depends on 
the difierence in the two starting-points. 

Take, for instance, the following question. Air at the 
freezing-point expands by -00366 of its volume for 1° 
Cent., how much does it expand for 1° Fahr. 1 Here we 
have merely to multiply by |; for the question amounts 
to this, — how much does the air expand for ^ of a degree 
Cent % and the answer will be, | of "00300, or '00203 
nearly. 

Or take thia question : 

The temperature of London ia higher in July than in 
January by 25° Fahr,; what is this in degi'ees Cent.1 
Here we have simply to multiply by |, and the answer is 
14'' Cent, nearly, 

124. If we watch a therraonieter narrowly when we 
first put it into warm water, we slialj see that the mer- 
cury first descends for a moment to the extent of half a 
degree or so, before it begins to ascend. Thia illustrates 
the difference between real and apparent exiiansion. The 
mercury does not really contract, but the glass gets heated 
before the mercury; and as the bulb gets bigger, mercury 
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has lo como out uf the BU-ni to fill it. If glass were just 
u expansible as mereury, a mercnrinl (heniiometfi- woald 
not work at all, Imt the mercury woiild stand always at 
the i«me luark. The ob6er\-e<l effect de|>en(is on the fact 
that mercury expands alniut 7 tines as much as glasK 

135. The h»sl way of measDring the real expansion of 
a lii^uid is hy the principle that, if two columns of h'qnid, 
^ _ one warm and the otiier cold, 

are coiinected at their bases 
by a fine horizontal tube CD 
, (fig. 75), they will not stftnd at 
the same level, but the wanner 
and lighter liquid will stand 
highest, the heij;hts A'C u)d 
h D being in the inverse ratio 
of the densities. Thus if the 
hoighU are as 55 to 56, the 
densities are as 56 to 55, and 
tiie expansion is such that the 
same qaaulity of liquid which 
occupies 55 cubic inches at the lower temperature will 
occupy 56 at the higher. Tliis is about the aiuount by 
which mercury expands in passing from 0° to 100° C. 

1S6, Air ex|)ands much more than hquids. When it 
is at the freezing-point, an increase of 1° C luakes it 
expand by 1 part in 273, and an increase of 1° Fahr 
makes it expand by 1 part in 491, lu raising it from 
freezing- to boiling-point we make it expand by lOO 
parts in 273, so that 273 cubic inches would become 373. 
Oxygen, hydrogen, nitrogen, and most other gases ex- 
pand to the same extent as air. i 

If the air or gas is confined in a closed vessel which 
will not permit it to expand, the tendency to expansi<m 
is shown by an increase of pressure. For example, if W«' 
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le its temperature from freezing- to boiling-point, we I 
reuse its pressure by ]00 pai'ts iii 273, so thut if it I 
1 originally at atmospberic pressure its pressure will 1 
r be 1^^^ of an acmosphei-e. 

127. Wben a body expands, it becomes iigliter, bulk'J 
bulk, than it was before, and hence warm air tendal 

ascend through cold air, as we see in tlie case of fire- ] 
loons. A balloon about 3 feet high, of ordinary tissue' | 
)er, with a ring of light iron wire to hold the n 
)D, can be made to ascend to a height of ^0 feet or 1 
re by simply holding it over a gas ii 

128. The tendency of warm air to ascend throiigh cold I 
he primary cause of winds. The air over warm places I 
lontinually ascending, and air from colder places cornea. J 
supply its room. An ascent of this kind over the equa- T 
ial regions is the cause of the trade-winds, which bloir I 
Eidily from the north-east over a belt of several degrees I 
the northern hemisphere, and from the south-east o 
orresponding belt in the southern hemisphere. The I 
taon why they do not blow from due north and due i 
ith is, that the earth is revolving on its axis, and parts j 
ire distant from the axis move faster than those which I 
1 nearer. Tlius the equatorial portions move the \ 
test, and air which comes to tbein from the two sides 

) not enough rotational velocity to keep up with them, 
le earth turns from west to east faster than this 
' can follow it, and this makes a wind from east to 
Bb. 

129. Another very regular wind is the sea-breeze 
(ich blows, nearly every afternoon, at places on and 
kr the coast in tropical countries. It is caused by the 
id becoming warmer than the sea in consequence of 
) sun's rays thiring the day; and a land-breeze in a 
jirly opposite direction blows in the latter part of the 
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Mf :ill Ivimwn -uiistances water has the iireatest specific 
in: It. Urnrc rhe -i])efitic heats of ail other subtjtances 
no :.nii)t-r fraitioiis, that »►! water itst^lf beinir unitv. 

132. Latent Heat. — Take a pound of ice in small 
!»i. ■<■.•.-; it I lit* ffniperatiire U' <*., and put it into a pouD^l 
'.: ml v.iicr witii .1 r temperature of OO^ or 70"" C. The 
wiiiT wiil lull r<» I he temperaiure U" C, and in so doing 
\\;il •iirii nut^r <»f the ice. We shall thua obtain water 
MUii .1 iiii(» ii'<\ ;iil at the tenipei'ature 0" C The L-.-t 
^viiiT :i:j.s M'rii nilUML luul the cohl ice has not been 
'.v:iiiinM(. W :i;ir, luis l)ec(nne of the heat which the hut 
^vr. .-r :i:Jrt iusi .' [r lias i)een spent in melting the ice. 
;:i r i»M- •»► !in*lr. :c(* at (.'. anil turn it into water at 
■■, <■ . v » :n:isi. niv.* it ;is much heat as would raise SO 
Miih'- '.':.- ^v -i-.'i: 'jf ''Mid water 1', or would raise its own 

w-'iu:." '' \ •■'•1' ^'' ■ 

Ti, s :.- -.i . ■»•=* v-.mI '.y -jiyiiiLT chat the latent heat of water 
i^^ ^«. ' 1 .• V ;•■; ■■ i.ir-'P.r/' means ••hidden.'* When 
\v- ;.i ■ " '.. ■ ;.-.•. 'i." :.i-:ir \v::ii:ii we ijjive it disappears, and 
is ill :\ II. .»;.:;■■• ...;■;•:. ".:i "::<- water which is pro<luced 

A ■,:..':!-,i;;--.:>:. f ^. r -niiiif Uin«l oc'eurs whenever anv 
^•jii.i <:i-i<;t,,r.- \< iii.'irni. F'jf example, to melt lead 
ijiii r. ijii ir i.'i^M Viw.ii^i it -mi ;ir r.iie >ame temjierature, we 
TiiiHf. -jl.t' if .1^ iiiiiiii ii»-;j.r ;i.s wi.uld raise 5.V times its 
wf,ij-ht Of war.T tlinm-'h oiir- tieuTe«^ Centigrade. We 
theroforf. ^ny rh.it. tlif. hit^'Ht lie.-ir. «.f molten lead is 5J C. 
This, it will he r)hs^:rv»Ml, is much le>s than the latent 
lu'r'it of water. In far-t water has greater latent heat 
tliJin foiy other lirpiid. 

The same- (piaiitity of heat which disa})pears in melting 
renp]»e,'jrs in worulifying, so that to turn water at 0" inW 
ice at. 0" we must mak^i it I'ivo out to some colder body 
as much heat as would raise HO times its weight of -water 
one degree. 



' 133. Latent Heat of Vapours. — A similar plieimmpnon 
jccurs when liquid is converted into vapour. When a 
ccttle is put on the fire, tlie water does not boil till its 
temperature has risen to 100° C. After this the water 
;et3 no hotter, and the heat which it continues to receive 
xom the fire is expended in the fonnatlon of steam, 
K^hich conies away at the same temjwrature 100" C. 
Hie heat expended in converting any quantity of water 
ikt the boiling temperature into steam, is as much as 
ronld raise 536 times as much cohl water 1°. 

When the steam is reconverted into water the hect 
ima absorbed reappears. If the steam given off by a 
tmiling kettle is discharged into cold water, it heats this 
vater much more than the same weight of boiling water 
irould do. One pound of steam at 100° will raise 636 
lbs. of cold water from 0° to 1", whereas a pound of 
^toiling water would only raise 100 lbs. of water from 0" 
to 1°. We therefore say that the latent beat of steam 
Hb 100" C. is 536. 

134. It is not only during boiling that the disap- 
pearance of heat is observed in connection with the for- 
mation of vapour. Kvaporation goes on at ordinary 
bem^ieratures, though at a much slower rate, and evapora- 
b'on always carries off heat. If we wet our hands atul 
^en allow the water to evaporate from them, our hands 
ae cooled, and the same thing is obsers'ed if we wear 
iret gloves or wet shoes. It matters not whether thej- 
[lave been wetted with warm or with cold water, in 
rither case the operation of drying by exposure to the 
or keeps their temperature low, and carries off heat from 
^e skin. 

135. Other liquids as well as water show this effect. 
Ucohol and ether, the latter especially, evaporate much 
pore rapidly than water and iiavc a stronger cooliai 
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conductors of hont, ami wood ia a very liad conductor. 
Tha metals, espocinliy goldi silver, and copper, are the 
best couductore known; then come stones, afterwards 
wood, and at the foot of the list come such eiibatancca as 
cloth, sheep's wool, and cotton wool, which consist of 
tiiin fibres with spaces of air between. A good con- 
ductor may be defined as a substance which offers little 
resistance to the passage of heat through it, Warm 
clothing depends for its efiicaey on the great resistance 
which it offers to the escape of heat; it must therefore 
be composed of hadiy conducting material. 

138. We have mentioned above an experiment in 
which good conduction is shown by making the further 
part of a body hot when the 
near end is held in the ilame 
of a candle. This may be 
supplemented by an experi- 
ment iu which good conduc- 
tion shows ita3lf by keepin.L' 
the parts exposed to the 
flame cool. Let a piece of 
thin writing paper be tightly 
wrapped once round a 
smooth cylinder of copper, 
brass, or iron, an inch or 
more in diameter, and held 
in the flame of a spirit-lam]J. 
The paper will not be burnt, 
noreven scorched. It is easy 
to understand that the same 
quantity of heat which would 

prodnce a very high temperature if collected in a small 
space will produce only a moderate elevation of tempera- 
ture when it is spread by conduction llirouj;h a larajL 




TLe m/ely-!aiitp nsed by minora and invented by 
iry Davy ilejiends npon tJio same principle 
(fig. 76). The only commimicatioti between the flame anil 
tho outer air is tJirough wire-gauze, and a flame m&y 
|iiay against one side of such gauz j for a long time without 
making it hot enougli to ignite combustible gas on tlie 
uther side. This is very easily shown by placing & piece 
of wire-gauze over a gas-flaiae. As the gas is lowered il 
puts out the flame as far as it descends, and unbumt gus 
goes through it, so tbat we have a flame burning against 
the under side and not able to ignite the gas which is on 
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Fig. 77-' 



the upper aide. The presence of tliis iatter can be madfl 
manifest by applying a lighted mutch to it, when it will 
at once catch fire and continue to bmn. Fig. 77 repre- 
sents in its left-hand portion the appearance of the gauKS 
when the unbumt gas is escaping through it above the 
flame, a red-hot ring being produced because the outer 
portion of the flame is the hottest. The second part of 
the figure represents the elTect of turning on the gas 
beneath the wire-gauBC and applying a light to it above. 
The flame will continue to burn above the gauze, but 
will not be able to ignite tho portion of gas whidi ii . 
below. 



139, Liquids {except melted metals, sut-li a-s mercury) 

, are very bad conductors, not lietter than wood. Fig. 7S 
rppreseota the experiment of making water boil in the 
upper part of a. teat-tulve, while ice remains unmelted at 

[ the lower end. Air 

[ tind gases are also 
bad conductors. 
Henca if we want 
to heat a quantity 
of gas or liquid ne 

j sbouhl apply heat 
to the bottom 

I This will produce 

I expansion of the 

I lower portions 

I which wdl thus be 

j come lighter and 

I ascend, inixmir 
with the colder 

I portions above 

I them The mi 
rt,nt3 produceil 1 \ 
applying heat t 
tlie bottom of a 
vessel of water are 

easily rendered visible by using i glass vessel and putting 
oak saw dust into the iiatpr (hg 79) Tlie saw dust may 
be allowed to settle to the bottom of the flask before 
applymg the heat and it will leave the bottom when 
heat IB applied If the lamp is placed centrally under 
the vessel, the saw-dust will be seen to ascend in the 
middle and descend at the sides, buch movements are 
called eoniedwncienenl 

140 Badiation is inuther process by which heat ift . 
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transferred from liotter to colder boiiies. Tlie heat of 
Bunahine ie a, good example of it. Itailiatit heat, like light, 
travels in straight lines, which we call "rays," nnd 
''radiant" is derived fi-om the Latin word radius, wHi'h 
means "ray." If a acrepn 
held between us and the snn 
is suddenly withdrawn, we iii- 
stantiy feel the full heating 
effect of the Bun's feys, where- 
as conduction requires a loDg 
time for heat suddenly applied 
to one portion of a medium W 
be propagated to another, 
Again, conduction warms tLe 
distant parts bj first warming 
the near parts, which then act 
as warmers in their turn; hut 
radiation often warms distinl 
objects wliile the intervening 
medium remains cold. Tire 
sun's rays, for example, come 
through the intensely cold 
upper regions of the earth's atmos])here. A burning glass, 
used for concentrating the sun's rays on a piece of broWD 
paper and setting it on fire, rcnmiiis all the time at a very 
moderate temperature, and it is even possible to use a 
lens of ice fur this purjiosa We shall have more to 
say on tlie subject of radiation when we come to spetk 
of light, 

141. There are great di^erences in the radiating powen 
of difTerent surfaces. Bi'igiitly polished metala are l)ad 
radiators. When hot they emit heat but slowly, asd 
when cold and exposed to the radiation of bodies hotter 
than themselves they receive heat but slowly. Charcotli 
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and lampblack, which is much the same thing, are ex- 
ceedingly gooil radiators. They give out heat quickly 
when hot, and they absorb a large proportion of any lieat 
that is radiated to them when they are cold. If, instead 
of polishing the surface of a metal, we give it a thin coat- 
ing of lampblack, we make it a good radiator instead of a 
bad ona Oood and bad radiation depend only on the 
surface, not ou the suhstutice beneath. Surfaces that 
reflect rays of light and heat well radiate badly; surfaces 
that are dead black, and rertect very little of any light 
and heat raya that fall upon them, radiate well. Black 
paint and black cloth, when exposed to a hot sun, become 
much hottei»than white paint or white cloth. 

142. lu consequence of radiation, the surface of the 
I ground in bright sunshine becomes much warmer than 
'the air, and a thermometer exposed to the suu, especially 
'if it has a blackened bulb, reads much higher than a ther- 
' mometcr in tlic shade, the latter showing only the tempera- 

tnre of the air. 

On the otJier hand, on a clear starlight night, the siir- 
; face of the ground emits heat rapidly by radiation to the 
sky, and becomes much colder than the air. On cloudy 
Bights, as on cloudy days, there is not much diHerenro 
between the temperature of the ground and that oi 
the air. 

143. Radiation, strictly so called, takes place aa fast in 
'Vacuum as in air, and aa fast in etiil air as in wind. But 
a hot body cools faster in air than in vacuum, and still 
faster in wind, owing to the conduction which takes place 
between the body and the layer of air in contact with it. 
Wiian there is wind this layer is always cold, because it 
is changed so rapidly that it has not time to get warm. 
In vacuum there is no escape of heat by coudnctioti at 
all, and tlius the cooling is slower. 
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IM. \\' fj will now exiilfiiu the eause nf d&w. 

U is a coianiou thing to see drops of water runniDg 
duwn the inside of a window, especially if the air of llie 
room has received a large amount of vapour from people's 
hrealh and from the burning of gas (for the hjdn^n 
which is in ordinary gas turns into steam when it humi). 
Tliese drops of water are produced In the same way M 
natural dew. On any Bummer's day, if we put very coU 
water into a tumliler, we shall soon see dew deposited m 
its outside. There la always invisible steam in the air, 
and some of this will be turned into liquid water by any- 
thing that is cold enough. At any particular time there 
is a certain degree of cold — that is, a certain lownees of 
temperature — that is necessary. Eodies lower than > 
certain temperature will collect dew upon their suriaees; 
bodies above this temperature will not; but, on the cM- 
trary, if there is any moisture on them it will evaporate. 
This temperature is called the deic-piiiiil. When there ii 
much steam in the air the dew-point is high; when there 
is little it is low. In the daytime the surface of the 
ground, as well as grass and the leaves of plants, are almost 
always above the dew-point. On clear nights they gene^ ' 
ally fall below it ; and gross falls mucli further below it 
than bare ground, because the surface of bare ground 
receives a supply of heat by conduction from the ground 
below, while very little heat can be conducted upwards 
through the blades of grass. 

When the dew-point is below the freezing-point, tho 
deposit consists not of little drops of water, but of littlo 
crystals of ice, and is called hoaT-fmst. 

Ice evaporates when its temperature is above 
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jioint, which ia generally the case in the daytime; hut 
when ita tetnperatura ia below the dew-point, a^ ia (jfleii 
the case at night, ioBtead of evaporating, it gains an ad<li- 
tion of fresh ice on its surface from the air, the addition 
taking the form of crystals like the frost on window- 
panes. 

Wlien vapour in mid-air is cooled below its dew-point, 
little drops of water are deposited in the form of cloud ; 
or, if the temperature be below the freezing-point, the 
" cloud will consist of little particles of snow. Steam or 
vapour of water is clear and invisible like air. It is only 
when it begins to condense that it reveals its presence to 
the eye, by the formation of liijuid or solid particles in ita 
midst. 

145. The moistness and dryness of the air have an im- 
portant effect upon our heaitii and coTufort When the 
dew-point ia nearly as hijth as the temperature of the air, 
evaporation ia checked, the perspiration accumulates on 
the surface of our bodies, and breathing does not refresh 
ua as it ought to do. On the other hand, when the dew- 
point is very low compared with the temperature of the 
air, evaporation is promoted; the skin on our hands and 
faces gets dry and cracks, and persons with delicate 
lungs are liable to be attacked with cough. 

146. The most generally employed instrument for ob- 
serving the moistness or dryness of the air, is a pair of 
thermometers, of which one has no special feature, but 
merely shows the temperature of the air, while the other 
has its bulb covered with muslin, which is kept always 
wet by means of a cotton wick dipping in water. When 
evaporation is active, this one is several degrees colder 
than the other; when there is hardly any evajwration, it 
may be only a degree or a fraction of a degree below the 
other. Its temperature is not the dew-point, (for water 
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HK nuvL* 

at lh> Jtwpaiai does Bot eTipont«.| bnt is somewhere 
abtM fcitf ^»ff b t w uM Um dev-point and the tempera- 
tmaC A«MC 

M7. TW cm a exact id«a <tt the I'lrects of he&t and 
caSA vyatt Wf iwf. «« will describe whit happens when 
sa air ^g t t TmJ coBtainu^ nothing but water and 
fipiMr «f mcr n houcd and eool^ Sucli vessels are 
oCmi |W«ip»wil hy botfinf; wsUr in a glass vessel with a 
aanw Beck, md, wfacs the steain has had time to expel 
tke av. vafiaf; Uw wck vilh a blow-pipe. 

bl a Tessri of Uus kind, tli« space not occupied by the 
vatBT B ahnys saUmicd with vapottr. If we cool the 
T«»ri. some oi th« rapoor ntadenses into water; if vo 
««nM it. some of ihe water goes off into vapour. Raising 
the tMapMatare thai iBrressrs the quantity of vapour, 
and. ance tbe span occupwd hy the vapour is acarcel? 
altcnd, >t inctvasM tfae den^y of the vapour; it also 
inrrMsrs the pmssaiv of the vapour ia an even mon 
rapid ratio tliao th« density. When the temperature i< 
lOO' 0. the pressure of the vapour is one atmosphert, 
so that there is the same pressure inside and outside th« 
Twsel. When it is below 100" the pressure outside is 
the greater, and when it is above lUO' tiie pressure inude 
is the grearer. 

At the average temperature oi the air (50" F. or 10° C.) 
the pressure of the vat>oiir is less than four-tenths of an 
inch of raereurr; at the temperature of a hot bath (86' 
F. or SU" C.) it is about an inch aiid a quarter; at 100° 



0. it is 30 inches or oue atmosphere, at 121^ C. it is tvo 



L 



atmospheres, and at 213° C it is twenty atmospheres. 
These facts are very imt)ortant in connection with the 
steam-engine. They show how largely the pressure of 
the steam alters with its temperature. 

148. If there is only a little water in the vessel at tlie 



^ beginning, and we go on wanning after it ia nil eva|ior- 

J ated, we obtain what ia called mjier!ieiUed vapour or }wn- 

galuraled vapour. Such vapour follows the suiue laws as 

or any other gas; for example, if we were to allow it 

. to exjiand to double its volume while keeping it at the 

I same temperature, its presani'e would be halved, and if 

we were to raise its temiierature from 100" 0. to 121° 

without e:ipansion, we should increase its preesure by 21 

I parts in 273 + 21 or 294, which is only 1 part in H, 

"nstead of doubling ic, which would be the result if it 

rere saturated. 

149. The suddenness with which vapour can be formed 
and condensed when there is no air present, gives rise to 
some very startling eft'ects. 

An instruraeiit called the iraler-hammer is constructed 

by taking a large glass tube closed at one end, partly 

filling it with water, boiling this water, and hermetically 

sealing the open end (that is melting the glass together) 

while the steam is issuing, taking care at the same time 

to cease any further apphcation of heat to the water, as 

tlie tube wLen closed would be in danger of bursting. 

When it has cooled down, it is ready to experiment 

with, and it contains nothing but water and vapour of 

water, the air having all been expelled by the boiling. 

i we liold it upright, and then quickly invert it, so 

' tliat the water falls from one end to the other, a sharp 

I ring is produced, sounding like a blow of a harunier, by 

the water striking the lower end. This illustrates the 

uddenness of condensation. 

180. The suddenness of evaporation is well illustrated 

I by an experiment of Benjamin Franklin's. Take a 

I Florencfl flask half filled with water, boil it over a lamp, 

and while boiling cork it, at the same lime removing tlie 

lamp. The boiling will cease, but on comjiletely im- 



luL-rsing the vessel in cold water, will inmieiliatBly re- 
cuinmi^iice with gi'cat activity. The ex]>Unation is tliitt 
the cohl coiniunses some of the vapour against the biJus 
of tlie vessel, ami more vapour is immediately fonneil lo 
supply its place. 

lusteaul of plunging the vessel into ouhl water, we maj 
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invert it, and squeeze cold water from a sponge over its 
top, aa shown in fig, 80, 

We have in this experiment {performed in either way), 
an example nf distillation. In ordinary distillation, which 
is illustrated by fig. 81, the evaporation takira place in 
one vessel, which is placed over a smirce of heat, and 
condensation of the vapour formed takes place in another 
vessel, whicii usually consists of a long s]>iral tube im- 



lersed in cold water. In Franklin's experiment evapor- 
tiou and caudcneation both tuke place in the same 



151. Distillation is resorted to when it is desired to 
fiparato the more volatile jKirtion of a liijnid from the 
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hrino. 'I'lui hf.m \uU\ilc piniioii— iliuL ia tUe 
^rtion which is more easily evaporated ^goea over first, 
d can be condenaed and collected by itself, g is the 
gel into which it ia run off from time to time, when 
hough of it is collected in the lower part of the icoifn d. 
he cold water around the worm is continually renewed 
troagh the funnel h, which discharges on the bottom of 
le vessel, while the warmer water at the top overflows 
trough the pipe i. 

102. Now suppose that instead of sealing our vessel 
hen the water is boiiiui; in it, wo seal it when the 



U)0 HEAT. 

wat«T is colli, so that the upper part will contain air 
similar to that outside and at the same pressure; what 
«iitlVrt'iioe will this make in the effects above described^ 

In the first place, it will greatly impede the suddenness 
nf fvajioration; liccause the vapour that is formed on 
aj»i»iying heat has to diffuse itself through the air before 
ir can saturate the whole space, and diffusion of one 
sui stance through another is always a gradual operatioa 
lUit it will not affect the ijuantity of vapour that will be 
formed if time be given. The same quantity of vapour 
that is reiiuired to saturate an empty space is required 
to saturate the same space when full of air. 

Tile pressure inside the vessel was equal to an atmos- 
])]iere at the time of sealing, the vessel and its contents 
beiui^ then cold. At any higher temperature the pres- 
sure will be greater than an atmosphere, and at 100° C. 
it will bo about two atmospheres. If we have three 
vessels, one containing iiothing but air, the second 
notliini; but water and vapour of water, and the third 
water with air al)ove it, and if the two w^hich contain 
air were sealed under similar circumstances, then when 
wt» raise all three to the same temperature, and allow 
time for saturation, the pressure in the one which con- 
tains l)oth air and water will be equal to the pressures in 
the other two adiled to«j:ether. 

163. Whenever vapour and dry air are mixed together 
in a given spac^e, the pressure is the same as we should 
obtaiii by adding together tlie pressure which the vapour 
would exert if it had all the space to itself, and the 
]>ressiu'o which the air would exert if it had all the space 
to itself. 

Wo can now understand why steam expels the air 
from the upper part of a vessel in which water is boiling. 
Steam at the temperature of boiling exerts a pressure of 



me atniospiiere, and therefore a iiiixtiiro of steaia with 
tven a. little air, at this temperature, has a pressure of 
lore than one atmosphere, so that such a mixture cannot 
emain in an o[>en vessel. 

164, The boiling-point of a liquid is the temperature 
t which the pressure of the 
taturated vafiour of the liquid 
Ib equal to the pressure of the 
mrrounding atmosphere. When 
kmoBpheric pressure change*. 
^e boiling-point changes, so that 
^Bter boils most easily when the 
barometer is low; 
|l As we ascend a mountain the 
Resstire diminishes, and tlio 
boiling-point therefore falls. 
500 feet will give a fall of alwitt 
y F., and 900 feet a fall of 

I Fig. 82 represents a portahli; 
BBtrumeDtforobserviiig boiling- 
points, intended to be used hy 
travellers for measuring the 
Beighta of mountains. It hn^ 
ftow been largely supersedu.! liy 
Hie aneroid birrometer, A p]i(iiui- 
id of water is poured in winju 
ne experiment is to be made; 
ftis is boiled by a lamp under- 
neath, and the steam, after passing all 11. mill llh' liiilii :md 
reater part of the stem of the thermometer, est:apcs into 
B open air. The bulb does not dip in the water, as it is 
Mind that the temperature of boiling water is not so 
eadyas the teinpei'ature of the steam which comes from it. 




Ififi. \Mion wat«r is to be raised to a higher tempem- 
ture than its ordinary boiling-point, it must be placed in 
a strong vessel able to resist the pressure which the st«iim 
of tlie hot water will produce. 

Fig. 83 represents an instrument for this pnrpoea, 
called a dig^eeter. which is used, among other purposes, 




for boiling hones to extract the gelatine from them, It ia 
proviiletl with a safety-valve to prevent bursting, and thfl 
pressure at which the valve will open is regulatod by the 
position of the weight shown in the figure. The arm on 
which the weiglit hangs is a lever, by means of which the 
weiglit presses the valve down. 

The instrument was invented by a Frenchman, Denis 
Papin, to enable people living high up on mountains to i 
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ook their food, and it was the earliest inatonce of the use 
i & safety-valve, the steam-engine not having then been 
nvented. 

On the other hand, in the retining of sugar, it is neces- 
•ry to evaporate the syrup by boiling, but yet it must 
lot be allowed to attain so high a temperature as its 
irdinary boiling-point. An air-pump is therefore kept 
loiistantly at work to maintain a partial vacuum over the 
lurfaee of the boiling liquid. 

156. All gases are the superheated vapours of liquids, 
md all or nearly all have actually been liquefied. 

To liquefy a gas, it must be cooled below a certain 
emperature, called the crilkal point of this particular 
|as, and must be subjected to strong pressure. The 
older we keep it the less will be the pressure required. 

One of the easiest gases to liquefy is carhonk add. Its 
ritical point is 31° C, and it is often liquefied in large 
luantities by employing a oompreasion-puiop to force it 
nto a strong reservoir which is surrounded with ice and 
rater. 

Oxygen, hydrogen, and nitrogen were never liquefied 
ill the years 18T7 and 1878. They require either an 
Ktremely low temperature or an extremely high pressure, 
« both combined. In one instance a temperature of 
1- 140° C. was employed, in another instance a tempera- 
are of -29° C, with a pressure of from 200 to 300 
(tmoHphereB. When the tap of a vessel containing hque- 
ied gas is opened, tlie gas rushes out with great violence, 
md the expansion which it undergoes cools it so much 
bat some of it solidifies and forma a kind of snow, 
phis SQOW does not melt by exposure to the air, but it 
Japidly evaporates. A spoonful of carbonic acid snow 
(rill take perhaps about a minute to evaporate. 
' lfi7. "When a plate of metal is huated many degrees 



abjve tlie boiiing-point of water, a drop of water placed 
Upon it does not wet it, but runs about upon it like i 
drop of mercury, and glistens like a dew-drop on a leai 
It evaporates, but not near so faat aa if it were boiling, 
And its temperature is found to be a few degrees bebv 
the boiling-point. A liquid behaving in this way is said 
to be in " the spheroidal atate." 



Chapter XIIL ^H 

CONNECTION BETWEEN HEAT AND WORK. 

158. We have now to apeak of the connection between 
heat and work. 

Heat, by driving our steam-engines, furnishes one of 
our princiiwl supplies of work; and, on the other band, 
friction is a well-known source of heat. Schoolboys are 
familiar with the tact that a brass button rubbed upon i 
desk soon becomes so hot as to be painful when pressed 
on the back of the hand. The breaks which are applied 
to the wheels of a locomotive throw out showers of sparka; 
and the axles of railway-carriages, when not properly 
greasod, sometimes become so hot as to set the carriages 
on fire. The sparks which are obtained by striking to- 
gether Hint and steel are due to the same cause, and 
copiotw showei's of sparks are produced by the operation 
of grinding steel tools in cutlery workshops. 

158. Iloat is not a. substance, but is one of tlie many 
forms of ffifrgy. There is reason to believe that it cofr 
sists in some kiiiil of to-and-fro movement of the particles 
of bodies; but whalovor it is, we know that a certain 
quantity of hunt is oquivalent to a certain quantity at 
work. When work is itpent in producing heat bj 



tion, every 772 foot-pounds of work produce just as 
'much heat as would raise the temperature of a pound of 
jcold water by 1° Fahrenheit Multiplying 772 by J wo 
get 1390°; hence the heat which would raise a pound ot 
void water through 1° Centigrade is equivalent to 1390 
ifoot-pounds. This relation between heat and work was 
:firBt accurately determined by Mr. Joule of Manchester, 
'uid the number {772 or 1390) which is used in expres- 
sing the relation is generally called Jiml^s equivalent. 

160. The process of converting mechanical energy into 
■the enei^ of heat is in one respect easier than the con- 
i version of heat into mechanical energy. By employing 
j mechanical onergy to rub bodies together, we can convert 
I'tJie whole or nearly the whole of it into heat; but we 
I. cannot make an equally complete conversion of heat into 
imechanicaJ energy. "When we supply a steam-engine or 
! A gas-ongine with heat, some of this heat disappears and 
'.is converted into mechanical efiect; but this is never so 
iimuch as a half or even a quarter of tlie whole heat sup- 
plied. The rest of the heat runs through the engine and 
goes to waste. This waste heat comes away at a lower 
temperature than that at which heat was supplied to the 
engine; and there is no way of getting heat to drive an 
engine, without letting the larger part of the heat sup- 
Lplied come out of the engine again at a lower tempera- 
jtture. The excess of the quantity of heat supplied above 
lithe quantity of heat that comes away, is always equivalent 
to the amount of work done by the engine. If this excess 
.'is ^ of the whole heat supplied, the engine is said to have 
^,an efficiency of y'^, and so on. There are very few steam- 
iiengines that have a higher efficiency than ^. In order 
|that a steam-engine may have high efficiency, its boiler 
jlnust be at a high temperature, and this imphes that the 
i^eteam in the boiler must be at a high pressure. The 
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161. Onr timiu viU i 
■iescription (rf the acUon of Uk t 
engine; but we will carefnllj e 
point, nunetf, the manner in wliidi the stoaa m mmit^ 
push the |(i«ton U> and fro and thoi drive the eagne. 

Fi^ 84 HhowB tbe piston P, vhidn vwfa np mA immm 
in tbe cylinder, uid is now oeulj in the ariJJIe ai ite ^ 
stroke, bong ^mkti 
up l>jst««Bi, wilickM- 
tera tfatT>iigfailwk>««r 
passage a' a* kardii^ 
from tti« stesB-dieS 
B B, which is in fne 
conimimicatinn with 
the steam-{>ipeV lewl- 
ing from the ixnla. 
The steam on the 
upper side of Uw 
]iiston is escajnog 
through the npper 
jiassage a a to liie 
open air or to the 
condenser. E is the 
opening leading to 
'" " the escape-pipe C. 

In order to puali the piat.on down again, it is necessary 
to let stoani from the stenm -chest enter above the piston, 
iind to let the steam below escape. The way in which 
this is done is exhibited in fig. 85, which represents only 
the parts concerned in directing the course of the steam. 
There is a movable piece called tbe slide-valve, which 
slides up and dowu so as to alter tbe connections. The 
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right-hand figure shows the iioiition which we have just 
been considering, the steam beiog admitted below the 
piston and allowed t« escape above. The second figure 
from the right shows the slide-valve a little lower dnwn. 




closing for the instant both passages. The third figure 
from the right, or second from the left, shows the 
slide-valve still lower; in tliia poeition the ateara is ad- 
mitted above the piston and escapes below. In the leftr 
hand figure it is again for the instant closing both pas- 
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sages. Thi slide-valve is in i onatant motion up and 
down, being driven by a kind of crank (called an eccen- 
tric) which revolves with the fly-wheel Very often the 
feet of the slide-valve are lengthened, as in fig. 86, so as 



X* uLuin ia»f Mam w a iboiter time, idiile not sho 
mc i;!^ uimif re -Mvam. XUt is the nsiial plan whei 
sCtfuoL vijA «»iiw &Kn the boiler is at hi^ pre 
7»fr^aw * :c > mD w yheresK A Kttle of this s 
V*fci.i^ tf itiKi jtf wudd oonqnr ^ or | of the cylii 
2J&S Tcvfc tfs»xa£i: T^ expUHi and push the piston U 
i^*L :c 'j:s «?*;*f. A modi bigger quiuititj of woi 
:.*^ .rrcjiizp^i fr:cr a ciT«n qoantitj of steam, ai 
sojLll'fc c;xa»=i::iT cc «tae heat is carried off; for 
<:vr.in i^ :: ^:&yi&=>i5 is the crliiider falls in temperab 




Chapter XIV. 
nECTILTNEAE PBOPAGATION. PLANE MIRRORS. 

163. Light is known to us through our sense of sight. 
The tilings which we see send light to our eyes, and it ia 
by means of the light so sent that we see them. 
, Some bodies allow light to come through them, and 
are called tmnsparmi; others prevent it from pasaing, 
and are called opaque. 

An opaque body hides from us any object which lies 
upon the production of a straight Hoe drawn from our 
eye to the opaque body. On the other liaod, when we 
see an object through a hole in an opaque obstacle, the 
object so seen Kes upon the production of a straight line 
drawn from our eye to the hole. It is thus proved that 
light travels in straight lines. A line along which light 
travels is called a ray, and the name is also applied in a 
loose sense to the light which travels along the line. As 
a line has no breadth, every jioint of a visible object 
miist be regarded as sending out an infinite number of 
rays in different directions. When we want to speak of 
all the rays which a point of an object sends to the 
pupil of an observer's eye, or to the object-glass of a 
telescope, or to any other surface of finite size, we call 
them. a pencil of rays. They form a solid cone or pyra- 
mid from whose vertex they all proceed. 

163, The fact that light travels in straight lines is 
loualy ahovn by a beam of sunshine coming 
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■38. lieiiectioii. — -V-ir-n ;t rtii- r iLrhc. od SI. nic -^O, 

: . ' :-j.iir .■;:iiT'v t: :. .- > r^^rieccen :q :iie 'Liret-rion 

.:i.v:::« .:».• - ti:ie .n^^ir? -virn ~:ie rairror la :iie on- 

.: ■- "■ ' - I. -•-'•! "lit? .".tjrrnax. ai»i :ht: "iirer? lines 

■' ■: fi<* laiit? vriiijii :-j ^c I'i'^iit juies 

:: .all'-* £ ::<.' rnrnT. ..■: "iie ;-,«..iiic .-i mciiience. 

S L :he iacidenc viy. 
' ' ' "iiu redeccei ray. 
SEN :in^ .uiiiie of ia- 
nieuL-e. X I 'J :iie 
»* AUiiie 'I redeotioiL 
riie Auuie 'U incidence 
auu :he auicie oi reriec- 
:iuii lie in riie same 
Tuaue ajid ai*e equal 
L«iC > oe a sniail object 
rrMiu wiufii :iie inoi- 
ieiiL itiy pix)ceeds. and 
-r:u;i-e -.•u the other side of 
ii-r "iiie S :5' which joins 
!L:rr«.»r. Then if we pro- 
:■; r viil pass through S. 
• 'ciiei' point of incidence 
' . .: L.i - - :.■.:::: ■■..■? .oine froni S, as we 
t-^ -■: .'.' - -.J. i.". -...- '-i - :.-: -f - -viil come as if from 
^. . iT >, :: I- ::; -l a. .c'viiids they would pass 
*■':!' ';■,:. '- . /..;.- > "..'- :'-;is. u vw "lie mirror shows an 
ir.-i'ij.- ir ->/ -.f "i".«^ ■ ■'-''" i: '^. 

189. [,. rl.'. '.>! A B i-^ i r-.-u arrow in front of the 
r(i',rr^,T, A fl" i- i^-^ irii-ij--; '-^eiiiiid riie mirror. O is the 
fi'ipil of ,irj ob^p.rw-^rs .ne. and tite ri-'ure shows two 
p'TK-il.-i of r.iys whi^'li orjt-/;r thi.^ pupil. (Jne pencil seems 
in t-nuti'. from A' and tlio other from B', whereas they 
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really come from A and B and undergo reflection at the 
mirror as shown 
exactly like AQ 
the cone of inci- 
dent rays. The 
reflected raya 
form a frustum of 
a cone QO, and 
the dotted cone 
tits this frustum 
so AS to make a 
complete cone 
A' O, with A' as 
vertex. Similar 
remarks apply to 

the cone B' "b' 

The middle point P of the line A A' lies i 
and so does (J the middle point of EB'. 





The image A' B' is of the same size as the object A B, 
and though the figure only shows the rays from the ex- 
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trmne points, a similar couetructioQ is applicable U &11 
other poiiit& The whole image A' B' is made up.ot to 
images of the different points of the object A B. 

Fig. 93 shows a caudle in front of a mirror, the imi^ 
of the candle behind the mirror, and an observer lookiiig 
at the image. The course of a pencil of rays from the 
tip of tho candle flame to his eye is shown by ths con 
tinuous lines, and dotted lines are used in the same nnue 
as in the preceding figure. 

Fig. 93 illustrates in a very beautiful manner the 
reflection of objects in a landscape from the surface of 
still water. Each point of the image appears to be jnsl 
as far below the level of the water as the same point in 
the real object is above. 

170. It must not be supposed that all the light which 
falls on a reflecting surface is reflected. The reflected 
light is less in amount than the incident light, so Uist 
the image is leas bright than the object. If the reflect 
surface is metallic, the amount of light reflected is netrl^ 
the same at all angles of incidence; but in the case of 
reflection from the surface of a transparent substance 
auch as glass or water, the amount is very different 
at different angles, being greatest when the incident 
rays make a very acute angle with the surface, and 
least of all when they are at right angles to it Water 
does not reflect so much light as glass, and glass does 
not reflect so much as diamond. The brilliancy of jewsk 
is due to the large quantity of light which they reflect 

In ordinary looking-glasses the reflection is given by 
a metallic surface, composed of mercury and tin, at th« 
back of the glass plate; the glass merely serves to pW- 
tect this surface from becoming tarnished by exposure t» 
the air. A little light is reflected at the front of tha 
glass, but in ordinary circumstances not euouj " 
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Two of tfas aaagea are fonned by light which has been 
one* nAectad, iwn by light which haa been twice reflected, 
and ooe bj light which haa been three times reflected 
II the Btinon w«i3 placed at 30° we should have twelve 
imasM mstead of six ; and when the mirrors are paraJlel, 
as in % 96, there is no limit to their uumber except the 




limit imposed by loss of light in successive reflectioDB' 
O ia the real object, and the first six imagea are shown. 
Th" pencils of raya traced in the figure are intended to 
©splaiii how the third images a, n, are formed by ligh' 
which has been three times reflected 

By employing three mirrors, and placing them so as W 
inclnip an equilatoinl triangle, we obtain the effect shown 
ill fig. 97. where the central triangle contains the real 
object and all the rest of the imttern is made up of imagW' 
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173. The well-known and beautiful optical toy called 
the kaleidoscope (invented by an eminent sctentitic man. 
Sir David Brewster) is constructed on these principles. 
It contains two or Bometimes three plates of glass set at 
60°, or some other angle that gives a symmetrical pattern. 
The observer looks in at one end between the plates, and 
at the other end there are loose pieces of coloured glass, 
which constitute tlie object of which images are to be 
formed. As the rays which come to the observer's eye 
have been reflected at a very acute angle, the surface of 
the glass reflects a large proportion of the incident light 
The back of the glass is not silvered, but is blackened to 
prevent rejection; for reflection from front and back at 
once would produce confusion. 



Chapter XV.-CONC'AVE AND CONVEX MIEEORS. 

174. Concave Mirror. — For many purposes in optics 
concave mirrors are employed. Sometimes their form is 
parabolic, but more usually it is spherical, that is to say, 
it is a portion of the surface of a sphere. When parallel 
rays fall upon a parabolic mirror properly placed, they 
are all reflected to one point called the f'tcm; and con- 
versely, if a source of light be placed at the focus, the rays 
which it sends to the mirror will be reflected as a parallel 
beam. Parabolic mirrors are often employed in connec- 
tion with the electric light, when it is desired to throw 
a strong light upon some distant object. 

175. The direction of the reflected ray at any point of 
a concave or convex mirror ia determined by the same 
law which we have already stated at the beginning of 
art. 168 for a plane mirror. Draw the normal (that 
ia, the perpendicular) to the mirror at the point of inci- 
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concave mirror is not too great Tlien rays coming to 
the mirror from a. very distant point may be regarded aa 
parallel, and will be reflected to meet in a i>oint midway 
between the centre of curvature and the mirror. If we 
draw a line from the distant point to the centre of curva- 
ture, and produce it to meet the mirror, the image will 
be upon this line, at that point of it which is midway 




between the centre of curvature and the mirror. By ap- 
plying this construction to the different points of a distant 
object, we see that the image will eubtend the same angle 
at the centre of curvature as the object. The sun sub- 
tends an angle of about half a degree; hence the image 
of the sun siibtendB an angle of half a degree at the centre 
of curvature. If we describe a circle with a radiuB equal 
to half the radiuB of curvature, an arc of half a degree 
on this circle will be equal to the diameter of the sun's 



image. Ab all the snn's rays reflected from the mirror 
pasH through the image, there is a great concentration of 
radiant heat and tight in this small area, and a piece of 
brown [ta|Jer held in it may be set on fire. With ykj 
large mirrors, some of the moat refractory bodies in 
nature have been melted. 

178. When the object from which the rays proceed ii 
at only a moderate distance— in fact, any distance at 




ceeding half the radius of cnrvature — an image is stiL'' 
formed in front of the mirror. Two cases are exhibite^^ 
in figs. 99 and 100. In both figures the object is a lighto^' 
candfe, and the image is thrown by the mirror upon a-^ 
screen. If we want the image to be visible on both aides 
of the screen, as in the first figure, the screen must be 
translucent, and may be of white porcelain or white tissue- 
paper. If we only want it to be visible from the side 



next the mi 
The image 
ing each poi 



rror, white card or thick white paper is better. 
is always inverted, and if lines were drawn ]'oin- 
int to its own image, these lines would all pau 



through the centre of curvature. 
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la the first figure the iinafj;e is diminished, in the 
second it is magnified. The image is always diminished 
when it is nearer to the mirror than the object is, and 
magnified when it is more remote than the object When 
both are at the same distance, there ia neither magnifica- 
tion nor diminution; the distance in this case is equal to 
the radius of curvature. The two distances are always 
interchangeable; — if the image of a point A ia formed at 




i 



^ Point B, then the image of the point B will be formed 
^t the point A. When the distances ai'e interchanged, the 
^^I^tive sizes are interchanged too; so that if the image was 
■"*lf as large as the object before the change, it will be 
*ic6 as large as the object after the change. 

179. It is not necessary to employ a screen to show an 
^^ttage, unless we want to show it to several people at once, 
**■ can be seen in mid-air by an observer who places him- 
^U in a hne with the image and mirror. In fig. 101 the 
^l>ject ia an inverted bouquet B, within a box, which is 
'^'^n on the aide next the mirror, and is at a distance 



«f«l I* tW nSm of cvmttDc Th« o^Kener sees, u 
it wmn, n WOE* haafoet on the top of the box. To ud 
tks BiMia, • nd jtf k |ilac«il oq the box, and the 
IAmnmb hfBfBct uffeua to suoA in it. 

cku^e takes finee in tlie phenomew 




wlion tlio object la brought nearer to the mirror than m 
llio riuHud of (iiirvatiire. The image then appears behind 
tlio iiiirrf)r, aa in tlie case of a common looking-glass, W 
iiiUKniitod, and at a greater distance behind (sea fig. 102). 
A I tlio objoet i« moved nearer to the mirror the magnific* 
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I 181. Convex Mirrors.— A convex mirror gives dimin- 
tohed images. The image is alwiiya behind ihe mirror, 
but not so far behind as the object is in front; — in fact, 
tt is never further behind than half the radius of curva- 
tare, thia being its distance when the object Is at a very 
great distance in front. 

182. When a given beam of incident light falls upon a 
mirror, we can alter the direction of the reflected beam by 
turning the mirror about; and vhen we turn the normal 
Bearer to or further from the incident ray, wo turn the 
reflected ray twice as much. If we want a ray to be re- 
flected back upon itself, we mnat make the normal coin- 
jBide with it ; if we want it to be reflected at right angles, 
jwe must make the angle between it and the normal 45°. 



i Chaptbr XVI.— EEFRACTION. 

183. Befhiction. — When we look at objects in an 
aquarium, or in any vessel with plane glass aides contain- 
Sng a clear liquid, we see curious displacements of the 
icibjects from their true positions. Similar displacements 
knay be noticed whenever we look tlirough the surface ot 
^ater at objects beneath. They are due to the fact that 
m ray of light passing out of a liquid into the air is bent 
Rt an angla The ray in the liquid is straight, and the 
a air is straight, but these two straight lines make 
I angle with each other There ia only one cose in 
Irhich they are in the same straight line, and that is 
brhen the incident ray coincides with the normal The 
bnrther the incident ray is from the normal, the greater 
the amount of bending will be. 

Bending occurs in hke manner when a ray passes out 
f air into a liquid; and the same two lines which repro- 



&F to AD, which ia ^ torir 

r liqihiia; whatever its mlae may ba, it> 
alhxi rh« mux n} rrfmetum lor ihe liquid in quescjon. 

IM. The sune law bolila when, iuatead uf % lii|niii, rt 
hure a cr&nsparanc solid, like gia^a. The index ai refrac- 
tion fw '^Ma is \ ormorp, and increases witii t3»e denait; 
(li tho iilaaa. ^Va % ia i^ater than J, there ia more hend- 
inj; when n ray passes from air to gjass thau wliea it 




passes from air to water, the angle of incidence being 
supfiosed the same in the two ca^es. 

187. Critical Angle. Total B«flectioii. — Fig. IDS 
rqireapnts a number of rays refracted out of water into 
air. They all come from a point O in the water. One 
of them is incident normally on the surface, and emerges 
noniially, thus keeping its course straight. Six rays on 
the right and six on the left of this are bent, the bending 



being greater as we get furtlier from the normal; and 
three rays on each side beyond these illustrate a fact 
which we have not yet mentioned. They are too far 
from the normal to be refracted into air at all ; aiid what 
happens is — they are reflected back into the water, as 
shown in the figure, the surface of the water behaving, 
as far as the> are conierned hke ahighh polished mirror. 
The reflexion in th!--o nn iini'itqn'i-, i'^ more cnmplete 




than we can oUtain in ;iny other way, sensibly tlip whole 
of the incident light being reflected; hence it is called 
loM reflection, or totai internal rejtedion. 

There is a certain limiting angle such that, if a ray in 
water makes a smaller angle than this with the normal, it 
will be refracted mto the air, but if it makes a larger 
angle, it will undergo total reflection. This limiting 
angle is called the cntiral angle, or the critical angle of total 




We can find it by maJdng A D in 
son of fig. 104 coincide with AN, so that 
we Bh«U have & rightr«ngled triangle in which tlie side 
A N is 3, and the liypol«nuse A E is 4; the angle AEN 
will tben be the critical angle for water. To find ths 
critical angle for glass, A \ must be 2 and A E not less 
than S, A ray incident at 45° will emerge from water, 
but will be totally reflected in gloss. 

188. Fig. 106 shows the position in which the eye ai 
the observer should be placed to see total reflection at 
the surface of water. The eye and the object to be 
reflected must both be below the level of the snrfwe, 
The object may either be in the water, (a spoon answers 
very well,) or iiiny be ontside as in the figure. The 

water should be perfectly still, and it ia 

Fig. iw. therefore better to rest the vessel on a 

■ stand. Total reflection in glass ia best 

\. I shown by means of a prism having the 

\J '"* shape of a right-angled isosceles triangle 

(fig. 107). A ray incident normally at 
one of the two sides is totally reflected at the hypo- 
tenuse, and emerges at the other side. Thus objects 
opposite one of these sides are seen by an observer look- 
ing in at the other, and appear 90° away from their true 
position. 

189. Displacement of Olgecta by RefraotioiL — If B 
(fig. 103), is the position of an object under water, and 
R I S the course of a ray from it to the observer's eye, 
the observer will see it in the direction of S I produced, 
shown by the dotted line in the figure. The point in 
this line at which it will appear to be, if the observer i* 
looking with both eyes in the ordinary way, ia exactly 
over its true position at R, that is, at the point where ft 
line drawn vertically upwards from K meets the dotted 
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!. Objects under water, when we look at thcta 
ougb the surface of the water, always appear lift«d 
Hence if a straight stick is held in a sloping poai- 
3, half in air and half in water, it appeal's bent The 
ing up is least when we look straight down into tha 
ter; the objects then appearing at three-fourtha of 
ir true distances from the surface, so that if the water 
really 4 feet deep it will appear only 3 feet deep. 
len we look in a sloping direction, the displacement ia 
ater, and increases till the direction of vision is so 
ily horizontal that the light reflected from the surface 
vents our seeing what is beneath. 
190. The following experiment ia well known and 
y instructive. Put a coin at the bottom of a basin. 




I 



Ire from it till the coin is just hidden from your view 
the edge of tlie basin, and then get some one to pour 
ter into the basin till it is nearly full. This will 
dor the coin visible to you, by as it were lifting up 
. bottom of the basin. 

191. When a ray passes through a piece of plate-glass, 
b vessel of water with paraUel sides, it forms a zigzag, 
I last part being parallel to the first, as shown in fig. 
i, which represents the course of a pencil of rays from 
aojnt S through a glass plate to an observer's eye. 



I which is nearer to the pliiM 



1«4 

The image ivill be 
thaji S. 

By a combination of refraction and reflection, a nninbet 
of iniajres nf a briglit object may be seen in a piece of platfr 
glass (fig. 109), whefter 
silvered at the back of 
not. A gas flame turned 
'ory low, or tlie bright 
end of a gold pencil- 
e, \rill answer for the 
ulijeft, and the inci- 
ice of the light should 
very oblique. The 
nearest image is formed 
by reflection from the 
front of the glass; the 
oud is seen by light 
that has .been first re- 
' fracted into the gluG^i 
' then reflected at the 
back, and then refracted 
out of the glass again. (This is the way the ordinary 
image in a looking-glass is formed.) The third image is 
formed by light that has been twice reflected from the 
back, besides being once reflected at the front and twics 
refracted; and the succeeding images are similarly ex- 
plained. Fig. 110 shows the history of an incident tij 
from an object at S, When it strikes the surface, part 
of it is reflected and another part enters the glass. This 
latter part strikes the back and is in |iart reflected thera 
On again arriving at the front, it is partly refracted 
into the air and partly reflected into the glass, and 90 
on for several successive reflections and refraction^ 
hecoming at last eo much reduced in quantity t 




RBFRACTION. 



insible. The six portions which are ropreaented 
irgingin front give rise to the six images S'S°S,SjSj, 
The dotted lines aj-e to show that the actual raya 
roduced backirards pass through these images, 
92, When a ray passes through a medium whose 
sity is Dob uniform, but changes gradually from point 
loint, the ray is bent; but instead of being bent at aii 
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le, it is bent into a curve, and it always follows the 
! of bending towards the side on which the index of 
uction IB greatest; that is, in most cases, the side on 
^ch the density ia greatest. The cheaper kinds of 
H abound in irregularities of density, which cause 
iceable distortion of objects seen through them; and 
qualities of density in air produce the flickering ap- 
rauce that is seen near hot atove-pipes and over the 
s of gas flames. 
.93. A gradual bending takes place in the rays which 



[ rnn^rh tlie (.'arth's atmosphere od their *■? twi 1 
HTMily lH»ili«8 lo thu earth's suiface. TTie lo*« i^ I 
of air are denser thaii the upper, «nd conseqaoit}; up | 
IM> U'lit oonliiHially dowtiwarJs. L«t EA, fig. IH,^ ] 
nwh a I'Virvwl ray coming from a star E to lie ejtfii^ 
^^bw^v^•^ at A, (The height of the atmosphere ia «d- 
)*ri»on with the ai» of the earth is greatly exaggenad 
lu taak« Uio figure I'Uinor.) Then the directioii in wW" 




^«kw k «N« «iU W that of a tangent A E' drawn U 
S^ WWt* •! A. TV i*«r» air thns lifted up by refraction, 
link SW *kM« u ttkh an> most lifted up are those whicb 
Wft y>W**v.a *i> tW h^vTUvtn. The effect ia nearly the Bamfl 
W Vl *v <t^r4>^<*v tW Atini^s(J>ere to be made up of a finite 
■WW*^*! <>'' Wm<* U^ttuio^ bv the circular arcs in the 
lii^tMVk *>*J( \*w t«j Ui kwv a Binughi course within ewli 
KW)^ Vm^ Ks ^e Wwt *t at) aiigte iu passing from eacli 

1 V'iMh^ -4* »* Mi»J' tw prwdiioe large changes in 
^H^MMk vt V<iVi« wi litittt hy «iHplo)-tng B. prism. All 
k ^V<lM)i' iMV)WMtV> fo * \itvv' nf glaas inth two plane 
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ices mclined at a considerable angle to eauh other ; but 
priemB commonly employed are triangular (eithur 
iquilateral or isosceles,) as in fig, 112, which shows a prism 
pioimted on an adjustable HtuJid, by means of which it can 
I raised, lowered, and turned about into any piiHitiun 
^at may be required. Wlien it is placed (as in tlie figurn) 




Brith one of its faces (which we ehall call the boKe) hor!- 
hontal, and one of its three edges at the top, a ray enter- 
Hug at one of the two sloping faces, then traversing the 
ipriBm to the other sloping face, and there emerging, 
wrill be bent down, as shown by the dotted line from 
|the candle to the observer's eye in the figure, and the 
-observer will consequently see the candle lifted up, for it 
[will appear to him to be in the prolongation of the ray 
Ivhich enters his eye. 
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stvtc«, li we make Si £t««per. £B iriil be less steep; 
(be beBiJiof; at I will thus be increaseil, and the bend- 
ing at K diiuinishwL The total amoont of bending wiU 
not be exactly the same as before. The total amount of 
bending ia least vhen the bending at I is equal to that 
at E, in which ca«e t)ie ray I E is parallel to the base d 
the prism (8Up|K>8ed isosceles or equilateral), and the in- 
cident ray makes the same angle with the first face that 
the emei^ent ray makes with the last. The further wo 
depart from this symmetrical position, the greater is the 
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deviation (i.e. total bending) that we obtain. Tlie sym- 
metrical position is accordingly often refeiTed to as the 
posiiitm of minimum deviation; and it is more used than 
any other position, because in most of the applications 
of priamB it gives clearer images than any other posi- 
tion. 

197. The lai^e amount of bending that a prism gives 
brings into prominence a circumstance whicli may easily 
escape observation in experiments on retraction at a single 
surface of water or through a glass plate; — the circum- 
stance that blue light is more bent than red light, and 
that such an object as a strip of white paper on a dark 
ground, or a gas or candle flame, when seen through a 
prism, is coloured at the edges, the edge furthest away 
from the real object being blue, and the near edge red or 
orange. The index of refraction of a substance is accor- 
dingly different for the difl'erent colours wldch combine 
to make up ordinary light. We shall return to this sub- 
ject later. 

198. When the angle of a prism is small — say any- 
thing between 0° and 15° — and the angles of incidence 
and emergence are not very unequal, we may apply the 
approximate law of refraction given for small angles of 
incidence in art. 184, and say that the angle of incidence 
is fi times the angle of refraction at the first surface; the 
Greek letter fi (pronounced ma) being used as a symbol to 
denote the index of refraction; and in like manner, that 
the angle of emergence is ft times the angle which the 
ray in the prism makes with the second normal Hence 
it can be shown by elementary geometry that the bend- 
ing at the first refraction is /t — i times the first angle of 
refraction, and that the whole bending is fi — i times the 
angle of the prism. Thus if the angle of the prism be 
10°, and the index of refraction |, the ray will be 
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I. (nil it. in only a virittai focus, because 
I lilt tint pMB through it, but only their 

WwtHll lllwlllHIiilii, 

jidH' W'llHIl \H' I'nuuril It. iH>nrave lena as made up of 

bHUHl*,' '''**" ''"•'" "' '''"' t"''"'"* "'""'' ''^ turned away from 

^Juu^fN ti||i'iuti-t III II vuiivii« ImiH tli«y are turned towards 



e axiB. Prisms bend raja towards thairbase; henoa 1 
ncave lenses bend t&ys from the axis and convex 1< 
nd raya towards the axis. In other words, concave 
ases tend to make rays diverge, and convex lenses tend 

make them converge. 

204. The properties of a convex lens ore similar tol 
08B of a concave mirror, and the properties of a con-" 
ve lena to those of a convex mirror. 

When we look through a concave lens, it makes objects 
tpear smaller and nearer; and this is the case whatever 
leir distances are. 

When we look through a convex tens at an object 
itween the lens and the jirincipal focus, it appears larger 
id further off than it really is; bat when we place the 
)ject further off than the principal focus, there is a com- 
ete change in the phenomena. In this case, if our eye is 
lar the lens, the object appears magnified, but vei'y con- 
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laed; if, however, we draw back a sufficient distance, we 
ay be able to see an inverted image of the object ap- 
ianng to be between our eye and the lens. In order to see 
us, it is necessary that the eye be removed back beyond 
le principal focus, — a foot or two feet further will be 
ifficient if the object is distant; or we may throw the 



inverted image on a screen, and thus show it to Geveral 
people at once. 

JtOS. Fig. IIB illustrates the action of a convex lens 
when the object is nearer than the principal focus. Tbe 
rays from any point of the object, as S, are made to diverge 
from a more distant point S'. To a person looking through 
the lena from the other aide, S will eeera to be at S'. TIiub 
the point S' is the image of S, and each point erf the object 
has in like manner its own image. 

Fig. 1 19 illustrates the case where the object is beymfl 
the principal focus, Tlie riiys from a point S of ^^ 




object are now maile to convei^e to a point S' onttt^ 
other side. If there is a small candle-flame at S, all tk^ 
light that it sends through the lens will be concentraM*^ 
at S', and a bright spot will accordingly be thrown ujw^^ 
a screen held there. 

206. There is a very simple rule connecting theeijeo^; 
an image with its distance from the lens. It is illustralei^^ 
by flg. 120, where the sraaji arrow A B is the object, anil^ 
the large arrow is its image, as seen by a person looking^ 
through from the other side. If we draw a straight line 
through any point of the object and the corresponding 
point of the image, this line must pass through 0, the 
centre of the lens; bo that the line A must pass through 
one end of the image and the line B through the other 
end. It follows that the lengths of the object and the 



nage will be directly as their distoucea from 0. Thus if 
le image is three times aa far from the lens as the object 
if it will be three times as Iouk ^nd three times as broad. 




J. 121 illustrates till 
lere the large arrow A B is the objei-t, and the small 
fitiw a 6 the image We see that, if the image is only 
*lf as f ar from O aa the object is it will be onlj half as 
*>g and half a» broad. \\ hen an imaje la thiown by a 




*ftvex lens upon a screen, the same rule holds; — the linear 
■tensions of an object and its image are in the same 
Mio as the distances of the object and the image from 
belena. 
207. An image that can be thrown upon a screen can 
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Jtc, kU in tlieir n&tural colours; uid if the son ia shining 
bristly, w u lo make the picture sufficiently luminoiu, 
Uw spacUcle is very striking. 

THeso pictures are formed by a very large convex lens, 
whivh ia straight over the centre of the table, at a height 
equal to or a little greater than its owu focal length, which 
is scvi-ral feet. Above the lens is a plane mirror rather 
larger ttittn the lens, and v.1 a slope of about 45°, which 
can bo turned round a vertical axis so as to face towards 
any [>oint of tlie compass at pleasure. If we coutd look 
up into the mirror, we should see an image of the land- 
■cape straight overhead; and the lens throws on tlie taUe- 
cloth an image of this image. 

312. In the photographic camera, no mirror is eat- 
ployed : but the lens dii«ctly faces the object to be repre- 
seiiCed, and throws on image of it on the sensitized plaU. 
Before putting in the plate, the operator throws the image 
on a eoreen of ground glass, and looks at it from behini 
When he has adjusted it to his satisfaction, he shuts off 
the light, substitutes the sensitized plate for the ground 
glass, and then readmits the liglil for the proper time. 
The explanation of the chemical processes by which the 
picture is first developed, and then rendered permanent, 
does not fall within our province. We will merely call 
allention to the fact that light is capable of producing 
theuiical effects. 

813. The nagio lantern is another example of the 
same properly of convex lenses. A small picture, painted 
in Irwisparenl colours on a glass slide, is placed behind 
the lens, at a ilistaiice a little greater than the focal length. 
A greaUy magnified image is formed at a much greater 
distance in frwTit. and is thrown upon a white wall or a 
white shMt. The apartment is darkened, and the light 
widch forms the ii-wi^ '^«n'«« *""° * ^'^^ *" "*^ '^""* 



of the lantern. A second convex lens is placed at about 
its own focal length from the flame, and serves to distribute 
the light uniformly over the slide. 
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THE EYE. TELESCOPES AND MICROSCOPES. 

214. We may now proceed to give some account of the 
Imman eye. 

Fig. 122 is a vertical section, in which C is the cornea, 
I the iris, P the pupil, L the crystalline lens, V the vitreous 
humour, and O the optic nerva 

The external shell of the eye is tough and horny, and 
of a white colour extei t 
in front It is called thp 
scUrotir The front part 
of it IS transparent, and 
more convex than the 
rest It 18 called the 
cornea Behind the cor 
nea is a cavitv (.ontaimn^ 
a watery hquid called the 
aqueous humour NearU 
at the back of this le tli 
tru, which la an opaque 

curtain with a round hole m the centre uitled the puf.il 
The ins la coloured It is the part that is blue in blue 
eyes, brown in brown ejea, and so en, and it is full of 
muscular fibres which contract and lengthen of their own 
accord so as to alter the size of the pupil, making it small 
when exposed to strong light and large when exposed to 
darkness. 




Behind this is the erystaltine lens, wliich is a solid bodf, 
as traDBparent as the clearest glass, and built up of coala 
like an onion. Its shape is that of a very convex lens, 
more convex behind tlian in front. Behind it, ia a very 
large cavity occupying the greater part of the eye, imd 
filled with a jelly called the vitrecnis humour. The walla 
of this cavity are intensely black except the back, which 
is covered with a membrane sensitive to light, called the 

215. Rays from an external object at a proper distance 
for distinct vision are I'endered convergent by the con- 
vexity of the front part of the eye, that is, the cornea and 
vitreous humour (which act like one body); and the crys- 
talline lens renders them still more convergent The lens 
would have no effect if its index of refraction were the 
same as that of the humours before and behind it; but it 
has a rather higher index of refraction than they have, 
especially in its central portions, and it thus acts in the 
same way (though not so powerfully) as a convex lens in 
air. For dietiuct vision to be obtained, the rays from 
a point of the object must converge to a point of the 
retina; in other words, a sharp image of the object must 
be depicted on the retina 

216. There is a difficulty to be surmounted here; ita 
when a lens is fixed in front of a screen, and throws upon 
the screen a sharp image of an object at the distance of a 
mile, it will not give a ahaq) image of an object at the 
distance of a fout^ As the object comes nearer, the dis- 
tance of the lens from the screen needs to be increased. 
The mode in which the eye is accommodated to different 
distances appears to consist in the relaxation and contrac- 
tion of muscles which surround the eye, and which, when 
they are contracted, squeeze it out to a greater length, 
thus increasing the distance between the crystalline lens 
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and the retina. The foual length of the h'rs is at the 
eaine time shortened by an increase in its convexity. 
When the muscleB are relaxed, the eye (in the case of 
most people) is in correct adjustment for viewing very 
distant objects. 

317. The retina, npon wliich the image ia formed, is 
made up of the ends of nerve-tibres which lead to the 
optic nerve. These nerve-enda are sensitive to light, bo 
that light falling upon them gives the sensation of seeing. 
If light came to them direct from external objects, without 
the intervention of apparatus for producing convergence, 
we should merely get a general impression of the sum 
total of light that comes to us from a landscape, instead 
of seeing its separate parts. 

218. Wiien we look at a near object with both eyes, 
tile two pictures which are formed are slightly different 
in outline, and these differences give us the means of tell- 
ing which parts of the object are nearest to us; in other 
words, they give us the perception of relit/. This eft'ict 
is successfully imitftted in the stereoscope, in wliich two 
photographs, taken by two cameras side by side, are 
placed one in front of each eye. The two pictures com- 
bine into one as we look at them, and give us an irre- 
sistible impression of relief. 

219. Before going on to describe letescopes and micro- 
scopes, it will be well to say a few words about apparent 
sise. We have given some rules in art. 206 relating to 
the adiial sizes of images; but the actual size of an image 
must not be confounded with its ap|iarent size. The 
actual size can be stated in inches: the apparent size 
can bo stateil in degrees of angle. The apparent length 
of an image is measured by the angle contained between 
two lines drawn from the two ends of the image to the 
observer's eye. This angle, in tact, is what determines 

10 .^^^ 
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f'. . ././.' ' 7 ' ■ ■. A [; :-':.■•:;■.■. -^v'r^tl inia;!'* wiiirli it fort 
*'■■■ 'ii-v,r,^-.- r.f rfii-: ;ii..i-v fr-.iri :he centre tJ l«eintr 1 
f .'•,[ |r.f ^r4, of fh''- of.i''"'r-crlrt*^. L i-i the •'//*'-i//i7,->'. a 
A" [•" i-' Mk' irn, !'_'/■ wFii^h it forms of A. F5,. This s^cc 
irri'iL'" i=« wli.'if tfjf; of»^fTVfT s^'^'S. Its apparent size 
?M":iyiiff'fl v'fv rrf'firly l»v ^l'^- nnd^; AC'B, which is 
f-'.'ifrif ji.y A I ^" Mj : firr'l this is rinK'h larger than the an 
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C B„ or its equal A C B, which measures tlie apparea 
a of the objei:t as it would apiiear to the naked eje, 1 
[f A, Bj were miiiway hetweeo the two leiif 
ascope wouiii not magnify; for tho two snglee A, C fi 
1 Aj C B, would be equal ; and if Ai Bj were nea: 
m to C there would be (liminution. The mognificn 
n. depends upun Aj Bj being further from C thaip, 
m C; and the magnifying power is computed by 
'iding one of these distances by the other, or what ia 
»rly the same thing, dividing one focal length by the 

222. The following remarks will explain how the 
ure has been drawn. 

Eays passing through C, the centre of the object-glass, 
B not bent; and the same remark applies to C", the 
ntre of the eye-glass. Hence we can draw a straiglit 
le through C from any point of the object to the cor- 
apunding point of tJie first image Aj Bj. The object is 
pposed to bo far away to the left, and the straiglit rays 
A,, B C Bj come from the two ends of it to the two 
da of the image. The lengths of C A„ C B, are to be 
ide equal to the focal length of L. The eye-lens L' is 
pposed to be at rather less than its own focal lengtli 
>tn this frst image; in fact, F is supposed to he the 
Qcipal focus of L', and it has another principal focus 
at the same distance on the other aide. In practice 
' distance FPj is very small compared with FC. 
We know that the ends of tlie second image A' B' 
1st be somewhere on the lines C A,, C Bj, or on ths 
itinuations of these lines, because the rays Aj C and 
C wiU not be bent; and we can find how far off it is 
tracing the course of a ray from A, parallel to the 
•a. We know that after passing through the eye-lens 
is ray will go to tbe principal focus F'. But to the 
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ojisprxcr \\i\> ray will »f<eni to come from A'. Hence v^^-^ 
lj;i\i- iiii:,\ Til }irinluce this ray baekwanls till it meets tt><^ 
jirn.jii.iiiiii ni C A,, and the point where they meet viW 

ii: Till* JUiillt A. 

I'lV )ii]>iiiiii: the oyo-lens in, or pulling it out, through' 
u sniiili tiistjincc we chanjje the distance F Pj, and tkis 
ni.tki'> a 4:n'Hi ilifference in the distance of A'B'. Ast*'^ 
tiiakr 1' r diminish to notliing, we send A' B' further off 
T ' :»n uiihiiiited distance: so that if F coincides with Pj 
thf iiiHi'Tvrr miisi fivus liis eye as if he were looking at 
.iivT:«iii i-'iiM-Ts: and if lie then push the eye-piece gw- 
n\i:i]\ invihor in, lie "will still, be able to see distinctly by 
i.iii'riui iln- ii'cai adjusiment of his eye, until he has 
1i:m;jl'1i> A F Ti« the neiU'est distance of distinct vision. 

22S. 'V'h\> kind of telescoj^ is ven- much used for 
ji<Tri.]iii]hii!i'i jiuijHiscs; but as it shows things upside down, 
ii iv i! .: r oivi'iiitoit for ordinary terrestrial purposes 

■ 1 
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I ... :: • rnii.'ijilr of iiAiilran Te1e«»ti«. 

1 ;. ". :' i "i ';i>:]'a:is in \ho same wav the formation oi 
•; : ri..ri> V ;.i:i ihi- cvojass is concave. Here the ravson 
i .':.;: w :i\ h' form the rirst imairc A^ Bj, which is inverted. 
;i:-, i:iiiivri»u\i b\ I ho cve-iiia*s. and made to form the 
< .v.-i imairi'* A H. This is the constnictioii used for 
. I . • • f7,\ ■< .-v. .c ail d /' /" n t tru / 1 1 r 71 ( /. /- r 7/ (T ssf>\ 

h\ I ho ordinary tcm»strial telescope, the arrangements 
to: lYiidorint: the ima^re erect are rather complicated. 

2d4. In reflecting telescopes, instead of an object- 



^naaUi^Pg is a concave mirror, gcDerallv c*Ile<! a fpeail>m, 

■n\ii-A. ia tlie Latin name for mirrm: It must not be uf 

^oas ^Uvered at Che back like a looking-glass; for tbe 

fefl^tioQ from the front would interfere witli that from 

™«ac;k; aud inequalities in the glass, whether in its den- 

"5' '^t its thickness, would produce irregular refraction& 

J^^ speculum is naaally of solid metal, consisting of aa 

. ^y of copper and tin calleil gpeeidum meUd. This alloy 

' ^Wy hard and very brittle — harder and more brittle 

'*D glass. Of late years what are called sihrrrd specula 

*^e been largely used instead. A silvered speculum is 

J^*de by 6ret grinding one face of a thick piece of glass 

7*^0 the proper shape, and then depositing upon its sur- 

**Ce by clieniical means a thin covering of silver— not 

Quicksilver, but silver properly so called. These specula 

^e much cheaper than the others, for glass is much 

*8sier to work than speculum metal. 

226. 'ITie speculum of a telescope, instead of being at 
the end next the object, as an object-glass is, must be at 
the further end; and there are various contrivances to 
Jrevent the observer from standing in his own light, aa 
lie would do if he put his eye to the mouth of the tele- 
Rcope, and looked towards the sjieculum. 

Sir William Herschel, with some of his gigantic tele- 
scopes, tried the plan of placing the specuium a tittle 
oblique, so that rays coming down the axis of the tube 
were reflected, not to the centre of the mouth, but to a 
point near one edge. This obliquity was found very in- 
jurious to good definition. A commoner plan is to place 
a small plane mirror just within the mouth, to catch the 
reflected rays and send them sideways, this mirror being 
set at an angle of 45°. The observer looks in through 
the side of the tube near its mouth, an eye-lens being 
imployed, as in refracting telescopes, to magnify 1 
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inv«ied *aivU 

Th-i ftvood inversion andooM 

firet, and this lelescofie (which is odlcd tbe Atytn 

tliercfore ehoKs tilings erecC 1 

227. Chromatic Abemtion.— We must now aJIl 



r TBLBBCOPES. 187 

^ntion to a gourde of difficulty in tlie consti'ucttoa of 
lenses which does not exist in the case of niiirors. Blue 
[Sgbt (as mentioned in art 197) is more bent hy refrac- 
lioa than led light; hence a iena acta more powerfully 
DQ blue light than on red, and the focal length of a. lens 
^ shorter for blue than for red. Ordinary light, in fact, 
contains a mixture of various colours, all having different 
local lengths for one and the same lens. The coasequcnce 
is that, instead of obtaining images with sharp oatliues, 
*ve have fringes of colour where the edges ought Ui be. 
%i only one kind of glass were available for making lenses, 
this difKcuLty could not be overcome, and the construction 
<oi a powerful and yet clear refracting telescope would be 
impossible. 

I In reflection there is no such separation of colours, and 
cKewton had recourse to reflection as the only means of 
tconstrticting a good telescope. 

' 228. Achromatic Lenses. — Since his time it has been 
^ound that by joining together two lenses, one convex 
«ind the other concave, of two different kinds of glass, the 
Weparation of colours can be greatly diminished, and re- 
ffracting telescopes can be constructed which give as sharp 
^utlines as reflecting telescopes. Flint glass separates the 
flours more than crown glass; so that, if we construct 
m flint-glasa priam and a crown-glass prism with such 
l*ngleB that they give upon the whole the same amount 
!«f deviation, the flint-glass prism will bemi the blue 
'lays. more and the red rays 

Jess than the crown-glaa.s 
I prism, and if we pass a beam 
[tif light through the i 
^prisma in succession, with 
("their bases turned opposite ways, as in fig. 12(!, blue will 

he bent one way and red the other. If we want to pre- 
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'ai foci, the small arrow A B is the olijcct, anil the 
i^lTDw the image, llays from A and fi parallul to 
ia will be refracted to F, and will seem to fouia 
ixe ends of the image. Also the raj's A and B 
iaa straight on, and will seem to come from the two 
>f the image. If tlie object is moved nearer to /, 
lage will move further off, and we can thus send it 
; off as we like. If the object is beyond / it will 
le seen distinctly. If the simple microscope is a 
g one, the focal length 0/ will pei'haps be J of an 

and the distance of the object from (J will be 
tJy the same, while the image will be at a distance 
me feet. The apparent size will be measured by 
ngle A O B, that is by the angle which the object 
inds at a distance of J of an inch; and to know 

advantage we gain by the use of the microscope, we 

compare this angle with the angle which the object 
i subtend at 6 inches, if 6 inches is the nearest 
IM at which we can see a thing distinctly with the 
1 eye; the magnifying power would then be 2i. 
nearest distance of distinct vision is very diflTerent 
iiTerent people ; and the magnifying power of a 
iscope is generally stated by comparison with a disv 

of 10 inches, so Lliat a simple microscope with a 
length of J inch ivould be said to have a magnifying 
r of 40. 

L. The compound microBCOpe resembles a telescope 
■ring two lenses; but the object lens, or objective, as 
called in a microscope, is small and of short focal 
h, and the image which it forms is not formed at 
rinoipal focus, but much further off. The ej'e-picco 
J3h the same as in a telescope, and serves the same 
Me — that of making the image look larger than it 
1 if we viewed it without any eye-piece. 
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There is a corions coiinecttOD between the liiaiigea of 
ilenaity and the backwani and fonrud swings. 

As long as a particle is denser than ordinary, lU motion 
13 forward, and its velocity is eiactly proportional to it« 
s of density ; on the other hand, dnring the time 
that it£ density is less than ordinary, its lootion is back- 
ward, and its velocity proportional to its defect of density. 
If we know what the changes of density are, we can com- 
pare the velocities of the particles with the velocity of 
sound ; for instance, wlien the density of a particle difiers 
from the ordinary density by one part in a thousand, the 
particle is moving; with a velocity which i* one tliousandtli 
of the velocity of sound. These results of niatlietnatical 
reasoning we must ask oar readers to take upon trust. 

1. We have now to state a property of wave- 
motion, which is almost self-evident, bnt it will first be 
necessury to explain the terms wave-length and period. 

Let us suppose that the waves are t\aite regular: then 
everything happens over and over again at e<|ital inter- 
vals of time. The length of one of these eijual intervals 
of time is called the period. Whatever the particles are 
doing at one instant, they are doing exactly the same a 
period later. 

Again, at a given instant, a number of different par- 
ticles are doing the same thing. Particles which lie on the 
same spherical surface described about the source, and 
are all doing the same thing at the same time, are said to 
be on the same wave-front There are a number of wave- 
fronts, at different distances from the source, that ai'e all 
in the same condition at a given moment; and the dis- 
tance betweeTi one of them and the next ia called the 
wave-length. If we are dealing with waves on the surface 
of water, the wave-length ia the distance between two suc- 
cessive crests. The property we have to stiite is, that the 
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tcafes iiJvanee in one period thrimgh a diitnnce nf rnie «wr(- 
length; for example, if we think of waves on water, it it 
obvious that when a particle is in its highest posidon it 
is at the crest of one of the waves, and that it will be in 
its higliest position again when the crest of the next wave 
reaches it. This property of wave-motion enables us tii 
calculate the velocity of propagation if we know the wa?e- 
length and the period. It will be calculated by dividing 
the wave-length by the period; for velocity is always reck- 
oned by dividing the distance traversed by the time occa- 
pied. Or again, if the velocity of propagation and tha 
period are known, we can calculate the wave-length by 
multiplying them togetlier; for instance, taking the velo- 
city of sound as llOO feet per second, if the period is 
y^ of a second the wave-length will be 1 1 feet, and tf 
the period is Yinir ^^ * second the wave-length will be I 
1 foot. When the velocity of propagation is the same for 
long as for short waves (which is the case for sound), the 
wave-length is directly aa the period. 

Since a period la the time in which a particle mate 
one complete vibration, the number of vibrations in a 
second is the number of jieriods in a second; for example, 
if the perioil is -j-J^ of a second, t!ie number of vibratioM 
in a second is 100. 

252. As regards the loudness of a sound at difTerent 
distances from the source; when the sound is produeed 
in an open space, and can spread downwards, upwards, 
and in all directions, the law is the same as for light or 
radiant heat under the same circumstances — that is to 
say, the loudness will be inversely as the sfjuare of thfl 
distance from the source; so that if wo double the dis- 
tance, the source will need to be strengthened fourfold to 
keep up the same loudness. The reason of this law is 
found in the fact that the areas of spherical surfaces Bre 
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as the squares of their riidii. When a Bound has ad- 
vanced through double distiuice from the source, it lias 
spre&d over a spherical surface of fourfold oieo, and has 
been proportionally weakened. 

In the propagation of sound through a tube, this spread- 
ing out into spheres is prevented, and sounds a^icordingly 
remain audible at very great distances. Heiiue the eth- 
cacy of speaking-tubes. In experiments with empty sewer- 
pipes at Parix, it was found that the report of a pistol 
could be heard at distances varying from 700 yards to 
6^ miles according to the diameter of the seiver, the 
distance increasing with the diameter. 

The velocity and wave-length are the same in propa 
gatiun through a tube as in open space. 



Chapteb XXI.— musical SOUNDS. GAMUT. 

353. The difference between musical sound and mere 
noise is that the waves of musical sounil are much more 
regular than otlier sound-waves. A great many successive 
waves are exactly alike, and when changes occur they 
occur very gradually. 

We may have either simple or comjiound musical 
sounds. The sound emitted hy a tuning-fork is about 
the simplest we can have. Tlie sounds emitted by a 
TJolin, on the other hand, are higtily compound; that is 
to say, though only one string is sounding, it is giving 
several notes at onca The notes of a piano are com- 
pound; when we atriko one of the bass notes, we can hear, 
if WB listen attentively, its upper octave as well, and 
another note a fifth higher than this; several still higher 
notes are sometimes present. Of course we can also pro- 
duce comjiound sounds by striking several notes at once. 



3M. Compounil gouikIs hare compouiic] waves, and tliis 
Bdl)ject requires some explanalioD. The waves of the sei 
are covered with smaller waves, which we call ripples, anJ 
wltidt do Dot travel near so fast as the large waves. It h 
a rale (or water-waves that the Telocity depends upon the 
wavelengtli — the greater the wave-length the greater tlie 
velocity; but this is not the case with sound waves, tlieir 
Telocity is the same for all wave-lengths; hence sound-wavfs 
as they advance carry their ripples with them, instead of 
leavingthembehindandgeUiugnewonesaswaler-wavesdo. 

In ordinary cases of compound sounJ-wavee, the diT- 
ferenl simple waves which are present combine tlieir 
effects by simple addition and subtraction; so that tbe 
actual density at a point can be computed by adding all 
th« excesses and subtracting all the defects of denatf 
due to the simple waves considered separately; and the 
velocity of a particle can in like manner be eompated by 
adding and subtracting the forward and backward vdo- 
cittes due to the simple waves. 

S55. There is a close resemblance between the movfr 
raenl of a particle in simple sound-waves and the raoTB- 
ment of a pendulum. They both swing from side todd^ 
moving quickest in the middle, and more and more slowly 
as they get near Uio turning points, where they are for 
an instant at rest In fact the only difference is that the 
particle moves in a straight line, and the bob of the pen- 
dulum moves in a line which is slightly curved. 

S36. Pig. 136 shows the kind of curve that is obtuned 
by causing either a pendulum or a tuning-fork to write 
its own vibrations upon a sheet which travels uniformly 
in a direction jt right angles to the line of vibratioa 
There are no comers, and no straight lines, but a suc- 
cession of easy bends in opposite directions. At 6 the 
pendulum is at one extremity of its swing, nt rl it is at 



the opposite extrfimity, and at a, c, and e it is at the middle 
, point To make a tuning-fork trace a, curve like this, wo 

fix its handle in a linn atanii, and attach a light thin piece 

of brass pointed at _ i 

I the end to one of 
I its prongs to serve 

as a writing jjoint. 

(The stand contains an arrangement for letting a small 
aheet of glass slide down in grooves by its own weight, 
I at such a distance from the fork that the writing poinc 
|i barely touches the glass. We smoke one side of the glass, 
r and after setting the fork in strong vibration allow tJie 
glass to slide down past it The tuning-fork will make a 
I lat^e number of vibrations during the short time that tlie 
I glass takes to fall, and it will therefore trace a curve with 
, a large number of bends, each double bend indicating one 
, complete vibration. By mounting two tuning-forks in 
the same stand, we can make them both write on the 
aame piece of glass, and can thus compare the numbers 
of vibrations that they make in the same time. 
I 257. Instead of a tuning-fork we may use a thin plate 
of ateel T, fig. 137, firmly damped at one end B, and 
having a writing point A fastened to its other end. Tlic 
writing may be executed on a piece of smoked paper put 
round a cylinder which has a screw cut upon its axle V D, 
so that, as the handle is turned, the cylinder not only 
revolves but also travels endways; the writing may thus 
be made to form a continuous trace going round the 
cylinder in screw fashion from end to end. If only a 
" short trace is required, the spring may be started by 
I giving it a pull to one side and letting it go; but for 
long-continued vibration it is better to use a well-rosined 
I fiddle-bow, applying it from time to time when the vibra- 
.tions are becoming too feeble. 



tl4 sotttD. 

IB k cocood is called loir. The onlJDary liu 
nugM fnun alwut .^O or 90 viltnttJons per Si 
1dw«cC t»38 botL-. lo 700 or dOO in tlie liiglie&t ti 

96L Mnsioal Intenrals. — Musicians employ ( 
<iefiluM imUrrmlt or differences of pitch ; and the cLieB 
of « good mnHcal eur is the power of judging thesM 
t«T^ with pt«cisioD, both when the two notes 1 
KMUkilaal together and when they are sounded eeparatibu 

TSe fine intoml in <mler of importance ia the nctifa 
ll is vxUeaeily ta»y to judge with precision, and i 
tantns of pianos and oi^ns all the octarea are made 
exact. In liua interval the opper note makes exactly i 
twice as manv %-ibrations as the lower one. 

The next in point of importance is the_fi/tli. It can bsi 
jixlged with altuost as much precision as the octave, and 
gives an extremely smo^'tti effect when the two notes are 
soundeii toucher- The upper note makes half as niiui]' 
vihralions a^in as the lower one — in other words, the 
vilrntions ant as 3 to 3^ Thus if we start from a noteol 
600 vibrations per second, and rise a fifth, we obtain t 
note of 900 vihrations, and if instead of rising we fall » 
fifth, we obtain a not« of 400 vibratiooa per second. Ta 
rise a Gfth is to multiply the vibrations by |, and to fall 
a lifch is to multiply them by J. 

S63. When the vibrations are as 3 to 1 the interval is 
calW the fmrlh; and if we tiret rise a fifth, and then a 
fourth, we riso an octave altogether; for we multiply tha 
ori^nal numlMr of vibrations, first by |, and then by jj 
wu thenjfore on the whole multiply it by | ^ |, which H 
oc^ual to 'X 

A musician would express this fact by saying that ^ 
fifth and a fourth t(^etlier make an octave. Adding twj 
intervals means multiplying together the two frac ' 
wiiich express tliem, 
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In tuning pianos and organs, the fifths ami fmittlis 
e made very nearly but not quite exact; the fiftliB 
e made a very little too small, and the fourths juet 
; much too great, but the inexactness is ao very alight 
tat hardly any one but a profesiiioiial musician could 
ttect it. 

The interval expressed by the ralio of 4 to 5 is called 
le major tliini, and 5 to 6 ia called the minor third, but 
unera depart very widely from these exact ratios. 
The intervals expressed by the ratios of 8 to it and of 
to 10 are called respectively a majtir tmif- and a minoi' 
|ptM, and 15 to 16 is called a limma, but tuners dcpai't 
altogether from those theoretical values. 
2S3. The origin of the above names will be understootl 
DID an inspection of the following scheme, which sets 
brth the relations existing between the eiglit notes of the 
iieoretical octave, the word ociavt being used not only to 
denote the interval between the first and last (as we have 
wed it above), but to denote the eight notes themselves 
, well. The first (that is, the lowest) of the eight notes 
called the key-nok and the last (or highest of the eight) 
ga d d tb k y t f th t f {,ht t 
h ta ft! 11 al tl p t t If 

nd t, 

\\ gi th first 1 th m f tl ht t 

1 th t 1 f 3 t m tl d 1 tl II t 

'h ] mV tl t 11 p th It ml rs f 

b at th ti U th t f th mb t 

th fi t Tl f tl n th tl d 1 di 1 

jq> th It b t h t f tl al a 1 

i key-note, and the names of the correspond i tig mtervals 

^ placed beneath them. The numeji/lh has been given 

the interval ;} heijause it is the intenul frcm the first 

ioto to tlie liflh tiote, and so on for the other-; tlio name 
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:. r;-.''.y moans eighth) Ijeinj rl^.n :: - 
: . ; r.:s: iioto to the eighth co:e. 
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0^«^ •- V" v.* :;'.o imorvals between the 5n.:c« 

. <. sr, \» obtain the followinir ration 
. =. ^^ s ::.*":r. in lowest tenns. 
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i» 10 

,4 il 


9 \t 
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:\:v /v.S* throo 


different intt 



. N r..o isrirost of them (expresses 

. :ho next largest (V) ^^' 

. V ,;.s^ }^\ tho limma. To cofl 

. . . rs lo: U5i soo what two of thes 

.. :> :;-.crotoi\^ greater than |, am 

. s .^ > .: ;i virtv.o OT i^nxan were tune 
'. .. . .. ^, ■.■.■-.. *.vrs. : ho mnsio wouhl be niu( 

..v>.-' f.^v litvOii in which no flats" 

- .-.■. "■..; >.'.-.o /'V.i-v j^iivos of nnisic would con 

^* / N,- '.'..av. .it p'.Ysrv.t. Tunors adopt a co 

^, . / -..v, v.v.><\ V:;rv mako tho intervals wbi 
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.' ... ./ .V ; .sv.ii \/' oqu;d to oaoh other as nearly 
'■■ .\ *.v. .v."; :V.x' iritor\;d w hi vh ought to be {J theyiiia 
■. •,.'. o'l x'.jV.ov \^1 those. 



an 

As this sTstem of toning does not miHist in nmjilf 

fcfollowing one's ear, but in jndgiDg exactly how hi to 

¥ depart from that which aotnuls beet, h re<|trire9 not onl; 

I a good ear but practicml experii3)c& No tuner ever 

(• attempts t« tune each note hy comfiarison nith the one 

xest to it, for this wooiil invoke too difficult an exer- 

e of juilginent. The plan adopted is, firxt to tune th» 

I octaves of C, and then to ^tt'p np and down from these 

1 1>7 fifths and fourths. The reaiwn is that fifths anil 

I Aurths are made more nearly true than the other inter- 

L Vila. Twelve Jifili^ on the piano make seven oiUvea, 

■Qltd twelve foutihi tive oclavcs, and it will be found, on 

Baking the calculation, that the twelfth jjower rf S i» 

pearly equal to the seventh power of 2, and the twelfth 

jfPWerof 3 to the fifth power of 2. 

' 9S6. In singing without instrumental accompaniment, 
' la not necessary to adopt any such compromise; for 
Ongh a pianist has only twelve dehnite steps by which 
can ascend an octave, a sinyer can make liis steps of 
_ "jy length be pleases. A similar advant^e is possessed 
W°y players on the violin, violincello, &c. Hence purer 
W''*rniony is attainable by string- 1 lands, and by choirs 
I *'**ging without accompaniment, than ia possible in per- 
t ''*i"inancea in wliicii organs or pianos take pan. 



'-iiiFrEB XXIL— STEINGS. OYEnxONES. PIPES. 

867. Vibrations of Strings. — A tightly -stretcheil 
^fina; may be excited to vibration eilhi-r by plittking it, 
^ in the harp, or striking it, as in the piano, or rubbing 
"• ■*vilh a rosined bow. as in the violin. If the string were 
attached at both ends to firm and massive supports, hardly 
^^y sound would be given. The string itself is so thin 



tti Mtrim. 

tint h rau llirough ih« air inauiaJ n( ptuliia^ ii, ^ 
•mitr ti> pruduM etrong vjlintlions of the iiir it m 
ajtletl hj^ • ti-maJaiffiiituil, lliat is, by a bo«rii eafSj 
ifaia lo be e«sQ)* kgiutiKl by tlie oirlion of the i 
«nd b^nnt; m suiface of considerable extent by wl 
can act npitn tb? air. In the piano, the Boundiag-bl 
a lu^ flat boiU>!, to ane Eiile of wbicb a piece call 
^n<^ is fastened. The etrings pass over this brijj 
prpss it strongly against the bonrd; aiid when aslj 
vibralini;, this |>re&stire is alternately increased and' 
ished. In the violia there is also a bridge, mngweii| 
same gmrpfwe, and the bod}- of the violia plays 11 
of ihc soimdtng-boanL | 

S6S. The piti^h of the note giviii by a string 4 
jKkrtly on it« tightness; — as we ti>;bt«i) it thavilj 
are quiokened, and the pitch rises. It also depa 
the lcii;i^h of the string. A vioHd player, by M 
down a string with his tiiiger, shortens the vibratij 
tion, anil [iro«liices a higher note than that of tn 
string. ] 

The number of vibrations in a second is invetl 
the length, and directly tis the square root of the t« 
Thiia we tan double the number of vibrations eiUi 
halving the length or by quadrupling the tensioa 

Conijiaring a thick string with a tliin one, or com] 
two strings of difiercnt materials, the rule is, tliat % 
lengths are the same, the stretching forces whicj 
make them yield the same note are directly aif 
masses- in other \i-ord3, directly as their weights. \ 

269. Thus far we have been speaking of the | 
mental note of a string. This is the note which i^ 
when simply plucked with the finger, and which it l| 
gives when rubbed with a bow. But by dexteroui 
agemont we tan make a string give a series of ] 



1 tones called o^trUnu*. If we umA it. E^ttlj: at Uie exact 
\ centre of JU length, and bow ooe htU «AA,it wiD gi«c ite 
k octave of the fundamental Uae — dnt U, ft will «ilinc« 
I twice as fa^L In like ■— "t— ', bf tcoddog it at «w- 
b third, one-founh, or one-fifth vt its bi^lii itnm ose end, 
can make it vibrate three, ioar, or fiv« tunc* M latt aa 
I when giving the fandamental tnot. In all tlieae caaea Um 




string isable to kcfi riji ti ■ ' ■ ■ ■ "■.^'- \"uth\ng 

it and leave it to ilseif. The exiJi^riment is rp|tresented 
in iig. 139, which also shows the nature of the vibrations 
produced. The string here divides itself into three equal 
portions, each vibrating as if it were fixed at the ends; and' 
the note emitted is the fundamental note of a string whoso 
length is equal to one of these portions. The points of 
junction between one of these portions and tlie next are 
called nodes, and are at rest or very nearly at rest* A 
paper rider laid on a node will keep its place, while those 
placed "u any other part will be thrown off, as shown i] 



shown 1^^ 
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T:^ '.-^ 'wIT. &s?a?? ill ^^ir.^ a o>.'rrtor Meai-f 
::■'*'•! •: L <":j:jz vit'/L r:"«~:Tj^ lz. cvrn^'r^e. Thecc'D- 
pt-'-.v:> -iTf* *-nr*-Ti."; T»-:t5d:i^'»r- of :iie string 

luT.-i :lt ■.:-.::cti line the 
-» : •: :.t t r x : neme i >ositioD. 
I: i> easv, bv this 
li' • iir <-i Of •elating, to 
1 :-.•••.::.;»•■.'.! fci irif^-T y,i >:t. [inTrDi noies. Their 
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. - ■-. ■ : :::■..-.:":. :!:'=■ names in ti.e 

^' : « >;. :. :t^ of the same name 

■ ■ .• : :y;.:; ::>:>. ihe viLratin;: loiy 

- : -...:.. ii- :'..c ^:\-l;;irm c-i air oontaiiir*: 
: :.. : : : > -..; sv ; o: i:;-:":h-i.ii-oo i> ro^juiiV'i 
: . ". ".' >'. ■ ..N. . ",;: :..:s :".a> Laviilv anv intiu- 
. .. . :... :.:..::.-•'.■.:":. ■'.'. >f'n'.5 on the ii-ii:::]! ami 
' :i > ■...,..•. \ :■:.:.:.:. . : v%- :".:".. , ■: : ■: :■ oc'lumn of air which 
: . "I ;■" ■-■. ■-■;>. >■ :..-:■ ; : : •:> ;-.!v «-]in a: the en 1 1 ivniute 
:. :.. :..f r:. ::;.". i-.i-:'. avil o:i.i-r> aio eioso'l: the foniier 
; . ". i i\i ..«."•■ I ■ . _. ■ ^ ; J i"i ' i t : J I* ] ;i : 1 r N • _, . - J j ■• -j « .c A n open 
1 ■ . i ^;\o> a. iw.t twivO as m;.nv YiL'rati<.-n$ in a .second as a 




stopped injie of the same length ; henco, by i-losing tlie end 
^of an open pipe, we make its pitch fall by about an octave. 
Weare bore 3] leak'ngof thefiiDdamentaltones in both cases. 
271 It s ene ally possible, by blowing more strongly, 
to make the pipes give overtones. 
Ihe overtones of an open pipe 
foUow approximately the same law 
as those of a string (see 
art 269), but there is a 
sensible departure from 
exactness, the overtones 
being flutter than the 
s np!e numerical law of 
a t. 269 would make 
them. This is especially 
tl e case when the pipes 
are broad in proportion ^ 
to their length, as in 

;. UI. 

Very narrow pipes like 
tl oae shown in fig. 142 

ve overtones in close 

cordanuewiththeBimjile 
1 w, and give them more 
r adily than the fnml 
n ental tone itself. Thf 
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interesting for acoustic ' 
experiments, but they 
are not sufficiently under control to be used in organs. 
The overtones of stopped pipes follow a diff'erent law; 
their vibrations are approximately 3, 5, 7, 9, &c times 
18 rapid as those of the fundamental, all the even multiples 
being absent. 
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: t:>>;io-]»ai'er over a light 

;.> : :- ::.ako it like one emi 

V :. :t;io a pipe like thai 

: ::.r:;»ils attached to the 

: ! >::•. :-.":;fii jiapcr is lioii- 

. V : >:.:i'i riiui that, whtu 

.-".• ■:. ::.f i»apor ineinbrane 

t ] :}'f. A loud rust- 

> iiiitr the top of the 

::.i' iii>t;iiiir heconu's 

:: V. ...r. ihr iiu'iiibrane is 

> ■ >: "'el'-w the middle ui 
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. :..:::.■.! il.r iii filing be^'ins 
■■: > : • :;>:iinj^ is a nvit' ot 
. ■> ■": frv'iri I'-th ends, ami 
> ".'■:.. •,:.■;>. -Liis iriviu'' it 
: -. \".-;.: >!■. r.. Wlii'ii the 
. :-.■.:■:;. 1-0 >«.ih'i'z»'s, 

» m. 

:i\u> its ]0>\- 
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. . : > J.' ::.-: its tirst ovit- 

- ■ :. ; '■ ". :..;.:.> as the fumhi- 

>. ■...-.■ :• >:. :l.;.t there arc 

.' .: :.: v.:;::;! livA the otlnT 

> ;.' ".- ^v:•:. Tho jiarticuiar 

. ' . >\:ii^' a pijie ilepemis 

.-: ;.::.:; :.nviril. In a stoj^H''! 

.;.-. :.:..! :•■: V. ihrro is no mull' 

: ■-. "i •.>■!:. \'\r its lirst overtone, 

.;: ■ -.1 :..::.i I't its k'nixth fnmi the 
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l:i u.c ]'ii 'OS wliieh we have tliu? 

.".>-. ".. :";.i 11 ■■;nii piove thnuiirh wliieh the wind 

ir'-i -.i.l'.is iliai of a enninio]! whistle. The Avind 

liiv.'V.j^ii a Iv'U'j: narrow oritice, opposite to which 



yumt A»D BMtD PIPES. 2 

13 the edge of a wodge (fig. HI). The slieel of t 
which issues from tho orifice grazea the ^.iiiB^n 
wedge, and passes on out^de tbe jitpe, wav- { - I 
ing backwards and forwards in accordnn'^e I I 

with the vibrations of the body of air wiiiiin |^ I 
the i»i]>e. In blowing a Hute, the wind is, in f- P 
like manner, diiected by tlie Upe of the per- 
former against a sharp edge, which answers 
tbe same purpose as the wedge in tb««e pipes. 
S74. Beed Pipes. — There is another class 

< of wind-instruments, in whirli the mouth- 
piece eimtains a spring, which in oue positiutt 

< opens a passage for llie wind, and in another 
position closes it InslrutDenta with this 
kind of moutli-piece are called reed instru- 
ments. The harmonium, the concertina, and 
tJie reed-pipes of organs, belong to this claas. 
Toy tmnipeta furnish a more familiar ex- 
ample. Figs. 143, 144, represent two reed 
organ-pipes, with some of the inlerior paits 
exhibited separately. 

375. To begin with fig. 143, which repre- 
sents a reed pipe taken to pieces; I is the 
spring, which is a tliin, flat atrip of steel, 
slightly curved, so that it may leave a chink 
open at the lower end when jjresned close 
I home in the middle by the regulating wire z, 
which is iised for tuning, r is a metal tube, 
closed at the lower end, hut with a wida 
opening on one side, through which the air U 
would pass if the spring were removed. If Ffg.na,-R'»i 
the spring were pressed down tor its whole 
length, so as completely to close this opening, air could 
not pass throiiL;h the pipe at all. When wind from the 
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( aaivn tbe t^'P' tfamugl) the routnl i 
tt A &n< MMpM Uirough liie chink at tfaa't 
ut tW <f«ias. Wt wiulv H> «]i>ing, it lilows Um « 
nut in « tiM tttW tnd dci«» the )>iiGBage. 71m f 
~ B bknm to, ami so on. 

"nMBB albTHBtions gi%'e risr I 
▼ftradun uf tite wbate tMtd; of I 
vilhin thv piix", and the Dumberi 
Tibrktiuns nindi; liy tliis body of I 
ii« the samv us tlie number mwit I 
th« ^>ring. Tho rapidity of nbi 
tion dDjicnds mainly u|iou the lengl 
and flexibility of t\w free portion i 
thv string; and if tlie regnlatil 
« pushed further down, I 
«8 to ftiiorien ll»e free portion of tJ 
^ spriug, the vibrations will be quid 
eiied. But llie spring is to soiE 

|fxt<>nt controlled in its movenieq 
by the body of air which it hw 1 
k«vrp ill vibration, and does not I 
brwtf with exactly the same nipidil 
as it would in the open air. 11 
piti-h of the note actually prodiu^ 
jj_^ af<,H>rdmyly dejiends, partly on d 
e[irin.);. and partly on the size ts 
(iti.t)>i' of tho pi)«. It i» uUo ifoiind to depend vi^ 
HiiwU »m lhi> Mrenj;ih of the hlust, the pitch rising w^ 
bh»» itmiv •uxmsly. ' 

an. b^g. Ut winsisU of thrtw parts, one repreaenta 
<i >Miii)ilt>tv pipe: aiiotluT on <il larger »cale showing fl 
MplH-r jwit, wiiich can Iw Ii(t«l ont of the lower; widj 
• Kti\l, nu a ■lill iHi'Kur soide, the spriu); and its setting, "a 
■>|Wlm Ui'iv is It thin sti'ip of stfi'l iis before, but it is rail 
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BiDuJier tlion the opening over wliicli it la dxvd ; and wlien 
set in vibratiou by Llowiiig the pipe, it iiasses tlirough the 
opening, first in one direction and then in the oppoaile. 
A spring thus arranged is called a /iw rnii, whereas the 
arrangement previously descrilwd is called a slrikini; ree.ii. 
The pitch of a pipe fitted with a. free reed is not inucli 
atTected by varying the strength of the bluat, Fjoe 
reeds are used jn the hnrmonium and cunoer'tinu ; etriking 
rteda are used for the buwpet ihiji in orgiins. The 
clarinet, oboe and bassoon are reed ingtruniontei Mm 
passage foi the wind from the perfomier'e month into 
the instrument bmig alttrnately opened and closed by 
llie vibration of thni pieces of i\or* In braids instru- 
ments the lips of the pertomar vibiate and play the 
part of a reed. 



Chapter XXIII. 
EESONANCE. VOICE AND HEARING. BEATS. 
SIEEN. CHLADNI'S FIGUItES. PHONOGRAPH, 

377. HeBonance of a Column of Air. — The column of 
air contained in an organ-pipe, or in any tube of similar 
shape, has certain notes pioiier to it. If one of these 
notes is produced by an external source within hearing- 
distance of the pipe, the air in the jiipe is sot in much 
stronger vibration by it than by a note of different [litch; 
andif the external source of the note be suddenly stopf>ed, 
the pipe keeps up the sound on its own account for a 
sensible time. 

We can understand how this is by the analogy of a 
heavyweight hung by a long string, — say ten feet long. If 
we p've it a push that sends it an inch in ono direction 
from the jKisilion in which it has been hanging at rest, it 
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» taift tmi 9*T^ Msriv as fnr to the otiier i 

I A a^iK MBBS* to ihe lowest point, we gi' 
[ |«h j«t Ka tb« fiist. il will go further i 
h* Ant tn«e; amd ^ eootiiiiiaUy repeating 
p« «ia wifc* d>e TOskt swing tiirough ax 
ineL l^is raah dtfrnds upon the intc 
* fmkm M19 Um sbm as the natural pa 
K 4i (W iM|iw \\ \\ wi^t The push n 
» as tt> bdp the pendulum oa 
»vt; ami if ve were to m&ke 
ndi m ratio as 2 to 3, or i 
r 4 *o 3^ «■» «f d» pwim would help it on its 
«nl liim w«nM Bf y M ' iL The sam« thing is tniCi 
mt! ^jlawiag tmly. U «v liw it a eeries of pushe 
fdi Mw^ iR taar «tt Hat period in which it cx^ 
tm wlaaTiii^- if tevit, ike eAKts will kccuuiulate, and 
iiaiAiMiil T*|<t<il>iwi cf StvUe impulses will produce U 
v J hi Hif iK VW« tbt Tihnttin|! body which is ( 
■I fe ctoJi K « c t^ Bi- a bfflf of Mr, the effect is cal 
T W M w a t . Mii dw fco^ «f air ts aaid to respond to tba 
«mMl sMOw wliidi thw acts upon it 

h a f^hwtai^ t— Jwgitak is ImM to either of the \ 
«y*a*H ^g << «K ar i gaa-fri p p which has the same vott 
tlM- feri^ llr» pi)* will resfiond with sufficient Ifl 
Mt» M he hMiti all over a lar^ room ; or instead <A 
«t!pM-p^ a iate may he used, the fork being I 
niH mt X* iW hole fo^ hlowinx: or (he open end, while 
iwte »« finjFNvd as if for pnxlucing the note of the ( 
iM »W oHinarr way. The not* of the tuning-forii 
ttxMe »xpenmeni« ntay he either the fundamental tea 
ikf xA\i- \'r MX} *«>e of the overtones. 1 

S9S. B«lmh«lU*9 Resonators. — Kesonance is reitdi 
•woTp antlilt)<» tv> a single listener by means of the 1 
•AMiV fitim or tYumMan contrived bv Helmholtz, on 



which is shown in fig. 145. There is a largo oi>ening at 
end, and a small opening at the otiicr. Each reso- 
nator responds to one particular fundamental tone, wJiicih 



upon its size. The 
an audience in the 
same way as the reson- 
ance of a pipe, that is 
by holding a vibrating 
tuning - fork of tlie 
proper pitch to the 
large end ; hut even 
when the tuning-fork 
is several yards dis- 
tant, the resonance of 
the globe can be beard 
by a person ivho puts 
the small end of tiie 



can bo exhibited t 




iiile liQ 



directs the large end towards the distant fork. 

879. Tliese resonators are much used for showing tlie 
eompoimd natnrs of most musical Bounds; for example, 
of the notes of the human voice. They are generally 
made in sets of 10, the note of the largest being C in the 
second space of the bass clef, or more accurately C of 
1 28 vibrations per second. This we will call resonator 
Na 1. Resonator No. 2 iias just half the dimensions of 
No. 1, and its note has twice as many vibrations. No. 3 
responds to a note of three times as many vibrations as 
No. 1; and so on. When C of 128 vibrations is sung, 
not only No. 1 resonator responds to it, but also most of 
the others; showing that tiie sound given forth by the 
singer is not a simple tone, but contains these higher 
tones mingled with the fundamental On the other hand, 
if the same note C of 128 vibrations is produced by a 
large tuning fork, No. 1 resonator is the only one that 



"ait SOUND. 

Oilier, The 100th push from the first will, howeveii 
ixguiu concur with the lOUt push from the second; henm 
it 18 clear that the loudness produced by concurrence niQ 
iwi:ur DUi'e for every lUU vibrations of the slower EOunH 
or every 101 vibrations of the quicker, 

384. Siren. — Figa. 146, 147 represent an instrumeill 




which has been very much uaed for counting vibration 
It is called the siren. 

A round plate pierced with a number of equidist«] 
holes arranged in a circle revolves rapidly. Immediata 
beneath it, and nearly touching it, is a fixed plate, wi( 
the same number of holes arranged in a. circle exact 
under the other circle. The holes in the upper plate t( 
come opposite to the holes in the lower plate seve| 
times in each revnliitioti— in fact as many times as ths 



are holes in eUlier plate; and air from a Ll-Hows Ijelow ia 
drivea up through tliem. The isBuiug air occordiDgly 
makea as many vibrations in one revoludun aa there are 
holes in either piate. The number of revolulions is made 
to regjater itaeU in the following way. The upright stem 
which oarrieB the revolving plate has a screw cut ujion it, 
which engages with the teeth of a wheel, as shown in tig. 
'■ 147, and makes this wheel revolve. A hand on the other 
I side of the instrument is attached to the axis of this 
j wheel, and traverses a dial, with divisions marked upon 
it which correspond to revolutions of the revolving plate, 
I and there is a second dial with divisions on it which cor- 
respond to whole revolutions of the first hand. Thesp 
are shown in fig. Ii6, 

S85i The instrument is usually constructed so aa to be 

driven by the same wind tliat produces the sound. Tliia 

ia managed by giving a slope to the holes in the revoiving 

plate, and au opposite slope to the holes in the fixed 

plate, so that the air impinges against one side of the 

j holes in the revolving plate, as shown in fig. 147. Tlie 

I speed can be regulated cither by the strength of t!ie 

blast or by applying friction with the finger to the revol- 

i ving stem. The siren can thus be brought into unison 

I with any source of sound — a tuning-fork, for example; 

and the number of vibrations made by this sonrce in a 

given time will thus be determined. Tlie figures show 

' two buttons, one on each side of the case containing the 

' toothed wheels. By pushing one of these buttons {the 

right-hand one in the second figure) the case ia pushed 

& little way to the left, and the toothed wheels are thus 

put out of connection with the screw. By pushing the 

j other button they are put into connection again. In 

], making an observation tp determine the pitch of a source, 

I it is usual to keen the wheels out of connection till the 
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be made to givo several differeut notes, of Jeiinite pitcli, 
■ though somewhat harsli in quality. When Band is aifteil 
■ the plate it immediately runs to tlie luxlal lines, 
1 and thua fonns defiiutc figures, one of which i» hera 




shown. These nodal lines reveal thf; mode in ivliich the 
plate is vibrating. They are the places of rest (like the 
fulcrum of a see-saw), about which the portions of the 
plate oscillate, one portion going up when the adjoining 
portion goes down. When the note changes, the figure 
changes also, the figures with fewest segments belonging 
generally to the lowest notes. The production of any 
particular figure is aided by touching the plate at a 
nodal line, as is done by a thumb and finger in the 
illnstration, and the how must bo applied at a dis- 
tance from nodal lines. Thick plates are the best for 



bat hr iyVK ot matty atgaicote. Some of tbf i 

AAAA 

#•#1 

obtAineJ by using plat«s of otfaer forms are shon 
fig. ISO. 

287. Phonograpb. — Varioos mtt^mpts have beeo j 
to imitate sjieerli Ivk' meehanioal means, but uone of'' 
have iMvn S":" siiiv^sfiil as Edison's phtnutgixijih. I 
instninicnt is not constructed in imitation of tlie ^ 
of Bjteech. It is not even a wind -instrument, ts 
htsvA on the principle that similar ^-ibrations, in 1 
ever manner produced, will give similar sounds 
thin plate of iron, carrying a 'mititig point, is first | 
to vibiate by t!ie voice of a person speaking loudly^ 
hilt month just in front of it. Tiie writing poifl 
■•nnnmiiionce of tiie vibration of the plate to which* 
fuKliiMinil, inakoB indentations upun a sheet of t, 
whli'h i« nidVfil |)n«t it. These inilentations fumid 
iiii>itii« ttf i'1'in'ii.iiiciiin IJLC spoken wurds. For thi» 



pose, it is only necessary to pass tlicm under the writing 
point again itt about the same speed as before. Tbey 
will raise and let down the writing point and plate in 
nearly tlie same manner as they rose and fell l>efore, ami 
plate, by acting on the air, reprodnces the condensa- 
tions and rarefactions of the speaker's voice uith etifli' 
cient power to be heard all over an ordinary aiiart- 

388. Fig. 131 represents the nsnal form of the instra- 
ment. The tinfoil is put round the cylinder B, and 




lightly fastened to it ivitli i>Tii^!it. Jhia cylinder is 
covered with a spiral groove like a screw-thread, and it is 
necessary that the writing point should always be oppo- 
site the groove. This end is attained by cutting a screw- 
thread on the axle of the cylinder, the distance Iretween 
the threads on the axle being the same as on the cjiinder 
iteelf. The voice is directed into the funnel A, the 
bottom of which is formed by the thin iron iibrating 
plate; and the writing point, wlm h is of platinum, is 
fastened to the middle of this on the under Aide The 
heavy frame D, which carries the funnel and \ibrating 
plate, is mounted on a hinge at the bottom, and by its 
■weight presses the writing point agamst the tinfoiL To 
prevent it from pressing the po ut so far ilown as to 



'dir SflL a iHf^ k fnvided, wfaiditakes the T^ 
M't^ttL '^ Tvdtf » Ji tk W^optr depth. This stoj 
]« T^^iac^ V«r aa ^jM tm^ screw; and two 
j^tnv^ d\ vioc^ jee ikovm in the figure, sen'< 
a ^ fi^QDic 1^ fucoft luk tlie exact centre of the groov( 



MAGNETISM. 



4GNETIC ATTRACTIONS AND REPULSIONS. 
iJNETIC NEEDLE. MAGNETIC INDUCTION. 

9. Ua^ets possess two well-known and very re- 
able propertiea— that of attractnij^ irnn ajul tlmt of 
<ing to the north. They are generally iiiinle <if Iho 
;at steel, and any piece of steel 
le converteil into a magnet. 
0, FoT showing the attraction 
)n, magnets of the horse-shoe 

are commonly employed, and 

ones can be readily procured 
y-shops. Tliey are generally 
ihed with a piece of iron called 
;Mper, which is firmly held 
at the feet of the magnet by 
ition; and when the magnet 
I by, the keeper should always 

its place, as it ]»revents the 
et from losing its strength 
time. Fig. 1.53 represents a 
ound horse-sboo magnet, made 
veral thin plates fastened face '" '"^ 

e. These are generally more powerful tlian magnets 

of one piece, because it is easier to magnetize 
pieces of steel than thick ones. The middle plat« 
nted as projecting a little beyond the other g. and 




■i«« 



vr neaiiiKlvx^ i3wfciw}wr, which is furnished 
■ith ■ book, on which 
« faeaTT weight is hnng 
y» exhibit the lifting 
jwwpr of the magnet 
291. For showing 
ihe jtoiming nt a iiiag- 
net to the north, a 
ttUaigUt piece of steel 
Baiie thin and light is 
f.«tW» Uy employ ed It 
k nlkid a magnetic 
It must be hal- 
d in such a man- 
that it will take 
MU-I; horizontal 
wti met W tree to tvit rotmd in a horizontal 
^ Its. F«tf Ans |wipc«ie 11 is usuall^r fumishM 






«M« «t Oft im-nf 
mM («f>. Thk if 

*«j j<ii«aW« oi>ui)'uts$«s like that shown in fig. 154, 
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292. We can magnetize a common sewing needle by 
drawing it several times from point to head aurosa one 
of the feet of a horse-shoe magnet, or one end of any 
strong magnet; and we can float it in water with per- 
fect freedom to turn by running it through a little 
square pillar of cork, as in fig. 155. It will imme 
diately turn into 
Bach a position that — 

one of its ends ^ — —_ — 
points north and ^--^-^ ^^- 
the otlier south. " - ~~ — = 
If, after performing : ^ TI — 
this experiment, we -7 -^. _ 
draw the needle — — - 
out of the cork 

and stroke it 10 or 12 times on the other foot of the 
liorse-ahoe, still stroking from point lo head as before, 
we shall find, on thrusting the needle once more into 
the cork and floating it, that its position ia reversed ; the 
end which previously pointed to the north now points 
to the south. 

We may vary the experiment by using always tlie 
same foot of tlie horse-shoe, and comparing the effect of 
stroking from point to head with that of stroking from 
head to point; we shall find that the needle jwtnts op- 
posite ways, in the two cases. We can thus reverse the 
pol&rity of the needle, either' by stroking the needle in 
Opposite directions on the same pole, or by stroking it 
■ im opposite poles in the same direction. If we stroke it 
ID opposite directions on opposite poles the polarity will 
not be reversed; stroking from point to head on one 
pole has the same effect as stroking from head to point 
on the other pole. 

We have here used the word puJe as another name for 



fi:li«^T i'f the ends of a masmet. When a magnet is 
ficilv )i;i;a:u-tiL ami no other magnets are near to dis- 
twr':> iU it tunis one of its poles to the north and the 
m::mt to the s«»uth. 

29S. Now ]vi us try some experiments on the behaviour 
«•! i-ili-s towanls one another. 

TaWc a nunil»or of sewing ueeilles all just alike, and to 
}»n\tMit oiMifusion stroke them all from ]K)int to head on 
tl;i^ Name ]H»le of a strong magnet, one at a time. It ^ill 
!»•. fomi'l that tliere is attraction between the j>oint of one 
:\U'\ the ht'Stl uf another, so that one of the needles can 
*!••• ilragirt^i aK^ut by touching it* head with the point of 
.HTi -th'T or by touching its jx^int with tlie head of another. 
< »n xhv otht-r hand, two points repel each other, and so do 
1 \v. » hi-uiU. The rejmlsion is not easily shown with needles 
1\ ill:: ^-n a tabh\ but if we float one of the needles with a 
]ii-i-e of iiik in the manner just described, or if we sus- 
V li : i: 1»\ :\inir a thread round its middle so that it bal- 
a^ •• - .11 ;i i:"i;z»ntal position, another needle brought near 
i: ^^ili ivi»vl it when jmint is presented to point or head 

t*» lit';rl. 

A 11 »ith ]-'io rojH'ls a north pole and attracts a south 
Y"]k'. a soutli ]K»io repels a south pole and attracts a 
iioitli p-»lc: i-r, to put the same thing more shortly, itl^e 
p .'• > /v I-/ ('/'.'/ «'///</'; vuVib: j»"/<>^ attnirf carh other, 

294. If we break one of our needles in halves, w^e find 
that each half is a complete magnet, the broken ends being 
]>oles a^ well as the original ends. These halves can again 
lie broken, with the same result, and so we may go on till 
the pieces become too small to work with. It thus appears 
that the peculiar property of a magnet, which distinguishes 
it from ordinarv unmaixnetized steel, is distributed throudi 
it>< whole substance. Every particle of a magnet is itself 
J< magnet. 
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295. Instead of thus breaking tip a magnet, we can per- 
form the converse experiment and build up a magnet by 
putting Bome of our needles together. The easiest way to 
do this Ib to place them end to end, with unlike poles in 
contact at every junction. They will thus adhere together 
by their mutual attraction, and the whole chain of needles 
will form a single mag- 
net, with a worth pole 
at one end and a south 
pole at the other, 

296. If we take a 
m^net of any shape 
tsd dip it into wrought^ 
iron filings, we find that p.g ,^ 
they adhere in large 

quantities to its ends or poles, but that very few adhere to 
any other part (fig. 166), This shows that the attractive 
force is much stronger at the ends than elsewhera 

297. Magnetic Induction, — In these clusters of filings 
which are lifted up by the magnet, each filing is a magnet, 

and hangs on to its neighbour by 
their mutual attraction, like the 
chain of needles in art. 295. 

Instead of filings we may use a 
few short pieces of iron wire a 
quarter of an inch or half an inch 
long. If we hang one of them by 
its end from one pole of a magnet, 
a second may he hung from the 
lower end of the first, a third from 
the lower end of the second, and 
)r fifth can be added, aa ahow-n in 
take hold of the topmost piece and 
carefully detach it from the magnet, the other pieces, 




p 



S43 iuaiiBTisii. 

■ikiai! of thuiD, will remaiD supported for a little trt 
umI trlU then drop oS. As long as the chain ha 
lugvlber eoch of the pieces is a magnet^ but tbeirn 
nutisiu is only temporary, and cannot long maintain il 
wb«D the inHueucing magnet is removed. 

286. If we try the same experiment with pieces of > 
wire, we sliail obtain an effect of the same kind, buti 
two important differences — the effect is weaker foi' 
time, but more lasting. Steel, especially if of the hu 
kind, when it has once been magnetized, retains its I 
netism with very little loss when left to itself; whfl 
iron, especially if of the softest kind, can retain very 1 
magnetism. The degree of hardness possessed by 1 
chiefly depends on the greater or less suddenness 1 
which it has been cooled. If plunged into cold a 
when at a bright ri>d heat it becomes hard: if allowt 
cool gradually it becomes soft. Hard steel will sM 
■oft steel, but is much more brittle. The faardnel 
softness of iroti depends largely on its purity, pert 
pure iron being the softest and toughest of aU. 

299. The fact that the pieces of wire hang togethi 
a chain shows us that their contiguous ends are dissii 
[Kiles. \\"hen a north pole of a magnet is presente 
one end of a piece of wire it makes this end of the 
a south pole. Whichever pole is presented, the neai 
of the wire becomes a pole of the opposite kind, and 1) 
it is that they attract. Magnets attract iron becausi 
part of the iron that is nearest to either pole of a ml 
becomes for the time a pole of opposite kind, ax 
therefore attracted. Some other pai't of the iron beo 
a polo of the same kind as the iniluencing pole, ai 
therefore repelled ; but, owing to the greater distance 
repulsion is weaker than the attraction, and hence the 
upon the whole is attracted. When a piece of iron i| 



the poles of a horae-ehoe magnet, the part which 
lUches the aorth pole of the inagDet is a south pole, aDil 
le pai-t which touches the south pole is a north pole; 
lere is aceordingly attraction in both places. 
The power which a magnet exercises upon pieces of 
>ii in making them magnets for the time being is called 
xffnelic induclion; and the magnetism so produced in the 
on ia called mduced magnetism. 
300. Induced magnetism may coexist 'with permanent 
tagnetism. This can be illustrated by gradually bring- 
ig a strong magnet near a compasa-needle. When the 
lagnet is not very near, each pole of the magnet is seen 
1 repel one pole of the needle and attract the other, but 
; very small distances either pole of the magnet will 
itract either pole of the needle. In the latter ease the 
iduced magnetism in the needle is stronger than its per- 
lanent magnetiara, and if we wish to avoid a permanent 
bange in the magnetism of the needle we must perform 
he experiment cautiously, not bringing the magnet any 
than is just sufficient to show the desired effect. 



Chaptek XXV. 
LINES OF riLINGa THE EARTH AS A MAGNET. 

301. Very beautiful and instructive results are obtained 
by sifting wrought-iron filings over a flat sheet of cai'd 
with a magnet underneath it, and then giving a few taps 
%0 the card or to the table on which the apparatus rests. 
S'he filings will arrange themselves in curves iu a very 
lungular manner. Fig. 158 shows the effect obtained with 
k bar-magnet laid flat; fig. 159 the effect with two bar- 
■uagnets laid in the same line at a little distance apart, 
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fc.^'.»^ ♦lie i»f those lines. The direction invLicliit 
N:r.-.%^ vi^ \\w tlinvtioii of the magnetic forcevliic 
* *. -. ?i :lw T»i;Kv whore the needle is set do'«TL 

, set it down o^ 

middle of a \< 




.*. *x ^ 



net, as m Q^ 

"Villi pomt 9i< 

*.'wi !:i iho ti^iiro, its south pole pointiD; 

\ .. ■: :'.io uLi^not. 

. .-.v :• •> A ijroat magnet; and we can t 

■ ■. . : '. »o uui^iiotio forces which it exert 

... « .N •: ::w habitable globe by obsenin 

. »• . N- . A.*"^ ::'.o earth's surface, always f 

.«»• .^ : . ',• '.xwilo. the lino which we trac 

. ., . V ^ . -. > ..V.'.i\l H nnt>nieiic meridian, 1 

. . '^ . \ ^ . V .•: !->s tivui true north, and 

.< V. ^r oxactly coincide \vi\ 

^ >....'. .-:^ wo see marked on n 

. ..>. .H . . .X ■..•.. v/'.ivlians all meet in t\\ 

c;t .-.. . . s . N so the magnetic n 

a".'. *. k\ . " . \ . > ,.v'..;\l :ho north and south 

]h;..\ Is. *. . ..,. , . . *v'.os have been actual 

b> n.t^ :.;,... '.X . N .'. . . v...ij;:iotio iK>le is a litt 

luMth oi '. >.v' .v: ; ,' . .'*. Nov:h America, near 1 

w luTo I ho ivij::< v^ .*: S.: \-'.;v. Franklin's expedit 

,v\!ul. and is :l^v^;, '.\' t:v:*.: :ho i:ivgraphical no 

V ',* south uuiii'.-.c'.'.s* iv'.o >.os :o :ho s^nith of Aus 

,• »ustAUoo of alvu; C> t:vu\ :ho geographic 

-V-4. If wo lay a K^r r.^Ajiv.o: tlat u^xm a ta 
• .vw|\iss over ouo of t;* ends, the needl 
-.s»»»x ,Us>* not remain lu^ri^ontAl; one end di 
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QTffl- the noddle <tf 
the bar, and dop- 
ing wben held ufcr 
any other p«n of 
the bar. "We nn 
trace out, by ihe 
help of BDch a 
needle, the cumed 
lines which repre- 
the direeti--'-: 
Hm ma^i' 
force at all j-j::. 
in tlie space o.c . 
the magnet, aad 
Uieee Unea wQl be 
exact coiiiea 
of titB lines f oned hf fla^ m A» ftat^ 
80S. The m^Mtic mtim «nrt«4 b; - 
larly the aaue aa vmU Ttmk faiMM • vitr^ 
net i^sced «t the cartli'a eaau*. TW cwvicl . 
doe to this nugnet woaU, M«e df tlMM, fA" 
the earth's aOnoapboe; aad • ■igwilj tw ' 
set itself alon^ <ne td ibeae Hms. Hm Hu>«<r>"i': i"'!'-! 
of the earth are the two pnals oo Ihs *mrth'» Mirfsi'^a 
which are opposite the ends of tUl CMrinl wstpiet; uiid 
Deedle at these two f~ 




cti\j. Midway between them is a belt encirclii^ 
ctnth, and lying in a plane which would bisect the « 
magnet at right angles. At places on this belt the a 
tends to set horizontally. This belt is called the nw 
o/uaivr. At all other places the needle tends to ui 
a aloping position, and in Great Briuin the elope is n 
70^. This slope is called the dip, and in tliis part I 
world it is the north end that dipe. At places 01 
south side of the magnetic equator it is the soutj 
that dips. The dip is 0° at the magnetic equator, an 
at each magnetic pole; but the end of the needle i 
points down at one magnetic pole points up at 
other. 

306. We are accustomed to call that end of the n 
which pointa to the north the north pole of the m 
This la the end which dips in the northern hemisf 
It is therefore attracted by the northern end of the 
or the northern end of the central magnet. Bat i 
which attract are unlike, and therefore the northeni 
of the earth, or of the central magnet, is diaaimilar G 
north pole of a needle. 

307. At places where the dip is nearly 90°, the 
exerted upon the poles of a needle is nearly vertical 
its horizontal component is extremely small At 
places a needle balanced on the same principle as ■ 
dinary compass-needle — that is. balanced so that U 
point horizontally, and can turn freely in a horia 
plane — will exhibit a very feeble tendency to poim 
way more dian another. Even in our own part ai 
world the vertical magnetic force on the needle is i 
greater than the horizontal. Tliis is at once seen bj 
parallelogram of forces; for if we draw a line elopii 
70° and complete the upriglit rectangle of which 
line is the diagonal, the height of this i 
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be much greater than the base. The height repreaente 
the vertical magnetic force on one pole of a needle, 
the base the horizontal force, and the diagonal the total 
force. 

308. It is not easy to make experiments on dip, or on 
vertical force, without very well-constructed apparatus; 
for if the axis of suspension, about which the needle turns, 
does not pass accurately througli the centre of gravity 
of the needle, the tendency of the centre of gravity to 
descend wiil conflict with the tendency to point in the 
direction of magnetic force, and the needle will assume 
an intermediate position. 

309. Figs. 164, 165, whicli are taken from Airy's 
Treatise on Miignelism, are maps of the northern and 
southern hemispheres. The thin lines represent the 
geographical meridians (represented as straight lines), 
and the parallels of latitude (represented as circles). The 
thick lines represent the magnetic meridians meeting iu 
the two magnetic poles A A, and a set of curves diawn 
through places at which the dip is the same. 

310. Bince a compass-needle points along the magnetic 
meridian, and a true north-and-south line is the same as 
the geographical meridian, the angle at wliich these two 
meridians cut one another is the difference between 
magnetic north and true north. In Great Britain the 
needle points nearly 30° to the west of true north. In 
some parte of the world it points to the east of true 
north. In some parts of the United States of America 
magnetic north and true north coincide, and this is also 
the case in some parts of Siberia and China. The differ- 
ence between true and magnetic north is called by 
nautical men magmtk vang.tion, and by scientific men 
generally magmlk dediitation. It is said to be westerly 

..magnetic north is to the west of true north- ^^ 



~ 311. The direction and iiit«nsitj' of the magnetic force 
'•t a given place do not remain always the same. In the 
'^£nt place they undergo periodical chsngeM depending 
eBpecislly on the hour of the dar. In the second place 
ihey occasionally tmdei^ very riolenl ttnct)Uktion^ which 
are called viagiieiic stamu, and these are asoally accom- 
panied by the appearance of the nurori borealis. In the 
third place there are very slow changps goin^ on trritn 
centnry to century. For example, about two honilred 
years ago the needle pointed due north in England, and 
previous to that time it pointed east of nortL 

312, Iron objects are acted upon inductively by ter- 
jestrial mi^etisra and made temporary magnets. If 
they remain for a long time in one poaition they nsually 
acquire some permanent magnetism. A poker always 
kept in the same position when not in use will Iw found, 
in most cases, to have one end a permanent north and 
the other a permanent south [Kile. If the [loker has been 
lying horizontally in the fender with one end to the north, 
'this end will be the north pole. If it has been stariding 
.nearly upright the lower end will bo the north pole. In 
both cases, if we compare the position of the poker with 
that of the dipping-needle, the end which points most like 
the north pole of the dipping-needle will be the north 
pole. 

313. One of the ores of iron, called magnetic oxide of 
iron, is strongly atfected by magnetism, though not so 
strongly as iron itself; and some specimens of it are per- 
manent magnets. These latter are called lodestoneB. 

I In a later chapter we shall describe a method of making 

Imagneta by means of electric currents. More powerful 

bnagnets can be obtained by this means than in any other 

pray- 

, 314. By using exceedingly strong magnets, it con he 



ihown thsit aD or imrij aD sabetmnces are affected 1 
jiii^neciiHiL Sonie» Hke iroo^ are attracted by a pole 
I nui^tfii, and ochers are repelled. Bismuth is a leadii 
•^xzunple oi the latter ch» of bodies^ nickel of the form( 
Noa«9 ot thiiee bodies are afifected near so powerfully 
iruiL 
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318. Take a stick of sealing-wax, and rub it im the 
sleeve of a coat or any piei;e of cloth or flannel, after first 
[drying the cloth at the fire. The wax will then exhibit 
^fctraction for small i>ieces of paper lying on tlie table; 
ithey will jump up and stick to it The same experiment 
|<Cftn be performed with a piece of rosin instead of sealing- 
pvax, and tlie material called by tbe names of (.'bonite and 
rvulcanite will answer still better. Glass may also be used, 
■tut more care ia necessary in drying it, as the surface of 
glass has a great tendency to become coated with a thin 
film of moisture, which would prevent the experiment 
I Jrom succeeding. It is liett^r to rub the glass, not with 
^"Woollen cloth, but with silk, which must albu bo well 
dried by warmmg at the fire. 

316, The attraction which these bodies, after being 
rubbed, are capable of exercising, is called eJcdrical at- 
traction, and the bodies themselves are said to be charged 
' with electridbj. We do not know what electricity is. It 
ia believed not to be a substance. Perhaps it is some 
I peculiar kind of motion. It is better for beginners not 
to speculate too much as to wliat it is, but to endeavour 
i.fco familiarize themselves with its properties, which are 
<t aumerous and wonderf uL 
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shown that all or neaiiy all aabatancea are affected Iff 
magnetiaiiL Some, like iroOy are attracted by a pole of 
a magnet^ and othera are refpelled. Bismuth is a leading 
example of the latter dais of bodies^ nickel of the former. 
None of these bodies are affected near so powerfully ai 
iron. 
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317. Some tabstaiioeii fpw i a llj the metah^ allow 
clfirtndty to pasB thraug^ them eenly. They «ro called 
ocmdietinm. Some other aobatanoea^ among whidi maj 
l>? mentioned glaaa^ aeaHi^wmz, end indun-^rabber, alrnoit 
completely prevent it from pMHiing. They are cdled ii- 
mlaUm. 

S18. There are two oppoaile kinds of deetricity, one of 
tlM^m called pnmtiw or vitrwMU^ and the other mffoimv 
intinmix. The electricity of roain, aeahng-waaE, or Tokaiii^ 
when theiae substances have been mbbed on woollen doA, 
ift of the latter kind. The electridty of polished fjbm, 
wlien rubbeJ either with silk or wool, is of the fonstf 
kind, and tlie name vitreous is derived from rttncni, the 
Latin won! for glass. The two electricities are oppodtfl^ 
just in t))o &%me sense as the north pole of a magnet is 
oppiviito in kind to a south pola Like poles repel one 
anoilior and unlike attract; and just so, like electricities 
rt'jvl ono another, and unlike attract. 

When elect rieity is excited by rubbing two bodies 
loijether, one of them becomes positively and the other 
ne^at i\ olv elect ri tied. 

319. Lists of substances have been made out, arranged 
in or\lcr from jn^sitive to negative, so that when elec- 
tricity is excited by rubbing any two of them together, 
the one which stands tii^t of the two on the list will 
become iH>siiively and the other negatively electrified. 
The fur of the cat is generally placed at the head of the 
list, standing al>ove glass, while glass stands above 
woollen stuffs, these again stand above silk, and silk 
above soaliug-wax, rosin, shellac, and vulcanite. It is a 
singular fact that roughened glass stands very low on 
the list It becomes negative when rubbed either with 
wool or silk. 

330. The mutuiU repulsion of two similarly electrified 
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klies cau be conveniently exhibited by taking 

[fe ribbon, doubling it so tliat the two ends 

ther, and then stroking it briskly between the thumb 

id finger of an indian-rabber glove. The strip being 

Ing up by the midtlle, the ends will exhibit a sti'ong 

ndency to fly apart. 

SSL Pith -balls, on account of their lightness, are 

dch used for showing electric attractions and repulsions 

we only want to show attraction, the ball may be 
mg by any kind of thread, and the effect will be stronger 
ith a cotton thread than with a silk one. If we want 
po to show repulsion, the thread must be a good insulator, 
d cotton will not do. Even sOk doea not always insu- 
(Q, as the materials used for dyeing it or bleaching it 
ben give it conducting jiower. Raw silk, which has 
dther been bleached nor dyed, is the best, and it should 
1 dried at the tire just before using. When a pith- 
U is hung by an insulating thread of ailk, the hrst 
feet of a strongiy electrified body held near it will be 
faction; but when it is allowed to touch this body, it 
nerally files away and exhihits repulsion. The ex- 
knation is that when it touches the body it takes to 
lelf some of the electricity of the body, and then like 
pels like. The experiment sometimes fails, owing to 
ikagB of electricity from the ball and suspending 
read. To prevent leakage, the ball must have no 
Ughnessea, ami the thread must be a good insulator. 
'hen the ball retains its charge of electricity well enough 

show good repulsion, a body electrified in the opposite 
Biy may be brought near it. It will then be attracted 
r this body, though repelled by tlie other. 
\S3iZ. The experiment is most easily shown by using 
ro small Leyden jars with opposite charges, holding one 
r in each hand, with their knobs near the inaulatei 
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pith-l)all, on opposite sides of it. It will fly backv 
iiinl forwards from one knob to the other with , 
activity for a long time. 

323. These experiments show that though thert 
roscnihlanccs between magnetic and electrical attract 
there are also great differences. A magnet does 
first attract a piece of iron and then repel it, and a mi 
d(ie3 not lose any of its magnetism by being allows 
touch botlies which it attracts ; nor is any insulatio 
quired to ])revent a magnet from losing its magnetizs 

324. There is electric indvctian, just as there is 
netic induction; and it is owing to this induction 
an electriHt^l body attracts pieces of paper lying 
table, or a pith -ball suspended by a conducting th 
The pitli-ball is a conductor; and the electrified 
wliicli is brought near attracts electricity of the opp 
kiml to its own into the pith-ball, especially to the 
side, wliile electricity of the same kind as its ov 
repollod out of tlie pith-ball. 

If the pith-])all is hung l>y an insulating thread 
attraction is less marked, for in tins case the ball 
whole does not become charged with the opposite 
tricitv. The further side of it becomes charged 
electricity similar to that of the influencing body, 
the near side with the dissimilar kind. Thus the 
side is attracted and the far side repelled, and the m^ 
of the ball as a whole results from the preponderan 
that force which acts at the smaller distance. 

325. If two equal conductors are charged to ex 
the same strength with opposite electricities, and are 
alloAved to touch one another, their charges will c 
pear. Positive and negative charges of electricity de 
one another. An uncharged conductor may thu 
regarded as containing equal charges of positive 
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negative electricity in unlimited (jujintity, ready to show 
.themselves as soon as an influeucing bcxiy is lirought near. 
No distinction can be made between taking one kind 
of electricity from a conductor, and giving it the other 
.kiad. To take positive electricity from an uncliarged 
iconductor ia to give it a negative chai'ge; and to take 
inegativo electricity from it is to give it a positive charge. 
To take equal quantities of both from it is to leave it 
still uncharged. 

326. The power which an electrilied body exercises, in 
causing its own kind of electricity to recede from the 

.near side of a conductor presented to it, or, what aniouuts 
' to the same thing, causing the opposite kind of electricity 
to come to this side, ia -,^ 

called induction; and to 
distinguieli it from mag- 
netic induction which we 
have already described, as 
well as fi-om some very 
different effects which we 
shall have to describe 
later in connection with 
electric currents, it is 
culled electro-Btatic in- 
duction, 

327. 'I'he gold-leaf elec- 
troscope shown in fig. 1G6, 

, is aconvenient instrument 
for eshibiting the effects 
of induction. 

The two gold leaves which are seen opened out in 
the figure are attached at their upjier ends to a brass 
rod, which comes out at the top of the instrmnent and 
terminates in a knob. It is supported by the glass bell- 
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jar, which wrves to insulate it from ihe corth. The 
upper part of the Iwll-gla&s is varnished, to prevent tho 
<l<rpositioD of moi^turi! aiid preserve belter iiisulatioi], 
Tlie Ivfft rods with balls at their tojw, stjuidiiig U]) hum 
the bottom of the jar, are brnes rods in connection nith 
the earth. They sen'e to increase the divergence of tlifr 
leaves, and also to prevent the leaves from striking 
against the sides of tlie glass jar, which iroiild he »pt to 
csjise adbcsion. These two rods are not by any means 
a necessary part of the apparatus, and are very often 
dispensed with. The instrument generally requhes to 
be warmeil near the fire before nsiiig, but it does not 
need to be so ihoronghly warmeil and dried as bodies 
which are inl«ndeil to lie excited by friction. 

388. \\'hen it is standing on the table ready for nse, 
without any electrical charge, the two gold leaves hang 
down side by side, nearly touching each Other. Now 
let an electrified body be held over tlie top, first at a tva- 
siderable height, and gradually coming down nearer to 
the knob at the top of the instrument The leaves will 
be seen to open out more and more, and care must In 
taken not to make them open out too suddenly or too 
far, as they are easily torn. They should not be made 
to sejiarate further than is shown in the figure. 

329. The explanation of their separation is, that the 
influencing l>ody, winch the operator holds over the top, 
repels electricity similar to its own into the leaves and 
lower part of the rod, while it attracts the opposite kind 
to the knob and upper part of the rod. The two leav«, 
being thus charged both with the same kind of electricity, 
repel each other. 

330. The next step in the experiment is to touch the 
knob for an instant with the finger while the influencing 
body is still in its place over the top. The effect is to 
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' make the leaves instantly collapse, and they remain col- 
i lapsed if the influencing body is kept nnmoved; but if ib 
j is either raised or lowered tliey begin to open out. 
1 At the moment of touching, a portion of electricity 
(either positive or negative, as the case may be) has escaped 
through the body of the pereou touching to the earth, and 
the leaves are thus left without a charge. The knob, how- 
ever, has a larger charge than it had before, and this (as 
before) is dissimilar to the charge of the influencing body. 
If the influencing body is lowered, it repels some of its 
own kind of electricity into the leaves and increases the 
opposite charge possessed by the knob. If, on the other 
hand, it is raised, it allows some of the opposite electricity 
in the knob to go down into the leaves. The leaves will 
repel eachother whenevertheyare charged with electricity, 
no matter of which kind. When the influencing body is 
removed altogether, the leaves will open out exactly to 
the width that they stood at before the knob was touched. 
331. Having thus given the electroscope a charge, we 
con use it to test the charge of any other inflneuting body. 
If the body which we wish to test has a similar charge 
to that of the original influencing body, its eflect when 
brought down over the electrometer from above will be 
to diminish the repulsion of the leaves, jirovided we do 
not bring it so close as to make them first collapse and 
then open out again. On the other hand, if it has an 
opposite charge to the original influencing body, its eflect 
even from the first wil] he to increase the divergence of 
the leaves. It can easily be shown in this way that when 
a, glass rod or a stick of sealing-wax is electrified by fric- 
tion, the silk or flannel which served as rubber has a charge 
opposite to that of the glass or sealing-wax. In every 
mode of producing electricity, the rule is found to hold 
good that one kind ia never produced alone, but an equal 
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if the finger or any other conductor connected with the 
earth is held within an inph or two of the jirime con 
ducti.'r, 11 spark ^kisges between tliera with a loud cncfc 
and a pricking sensation. The longest and loudest 
sparks are got by presenting a conductor torminating in 
a large knob. If we preaent a conductor terminating in 
a sharp point, there will be hardly any spark and no louil 
crnck, but the electricity will pass across in a quiet and 
uniform manner like a steady stream instead of a sutces- 
eion of Imrsts. 

340. Thia fact suggested to Franklin the iilea of 
lightning-conductors. These are pointed rods of metal. 
which project above the top of the building they are in- 
tended to protect, and are connected by rods jjasaiiig 
along the outside of the building with the earth. They 
have a twofold ottice: First, they discharge a steady 
stream of electricity from the earth into the air, whan i 
ihunder-cioud is passing overhead. This eleetriuity is 
opposite in kind to that of the tlmnder-cloud, and ternla 
to neutralize its influence. Secondly, when a flash of 
lightning occurs, it takes the easiest course to the eaitb, 
and thus passes through the conductor in preference to 
striking the building. 

341. In fig, 163 a stool with glass legs is seen. If * 
person standi^ on tlils, and keeps one hand on the priniii 
conductor while the machine is being turned, his body 
will become charged with electricity. No peculiar senssr 
tion is experienced until a conductor connect«d witb the 
earth is brought near him, and then a spark passu 
between his body and this conductor, If a flat of 
rounded conductor connected with the earth is held ovar 
his head, his hair stands on end, and silent discharge 
takes place through the projecting hairs. If he holds 
his finger over the top of a gas-burner, a spark pasfes 
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across ; anil if tlie gas is turaed on, the spark lias euffi- 
cient heating power to ignite it 

342. We have ileBcribed the frictional machine first, on 
account of its great historic interest, and lierause it is 
the most generally known; but stronger effects of the 
same kind can now be obtained, with much greater ease, 
^j means of machines which work not by friction, but 




hy electro- static iniiuution. The best mnchiiie for most 
purposes is that knowa as Voss', being a modification of 
an earlier form invented by Hnltz. Even the smallest 
size, with a revolving jilate lOi inches in diameter, gives 
as powerful effects as a vnry large friction machine; and 
it is mach easier to manage and keep in order. It is 
representfd in Sg. 169, 
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343. Tlier*^ arc two glass plates, a small distance 
a-'i:iil?T. rho larger one is fixed, and the smaller one 
i: made ii> revolve rapidly by means of a diiviDg band 
iM-i-in:: nvor two i:n>oved wheels, one of them much larger 
::iin \\v} Mthi»r, the larger one being turned by hand. 
I'hi^ I'iate h;L< six metallic studs (like that at D) set in 
i: at oijiLil di>tani.-es. The sloping bar which is seen in 
fr«»ii: nf it is of brass, and carries two little brushes AA 
- t 'iiin l>r:iss wire, against which the studs rub as they 
1 ..>- I'V. aiiil this hapi»en3 at the same moment for both 
:':ii-iir'<. It we suppose that the fixed plate is charged 
\v[:-i p..<itiYe electricity in its upper part, and negative 
\\\ i:> l.'WtT part, the upper stud will acquire a negative 
u : ; ' I tilt- 1 • • w f r st u • 1 a posi t i ve ch arge, by induction, at 
r;:«* ni-nioiit that the two contacts occur. When the studs 
i.a\o a-iwirn'od al-mit a quarter of a revolution, they 
c !i;o ill viira-'t with another pair of brushes BB which 

r.. - « L... riiiu" brushes are in communication with 
:.'■■ i;::/;i'< if tiii-f«^il on the back of the fixed plate, 
^\:.i^... a''^ !i-: ^li'uvii in the fiirure. Thus the Hjiiht-hand 
'.a: ':: vi!! '= t- « ■iitinuaily replenished with negative, and 
::.'^ u:r ":.a:;l pa*.li with positive electricit}'. This left- 
i.-T;l I a:, li r'\:. iii< to the top of the fixed plate, and 
a :< a>: :!..; iiii'.:;' iii.'iiiu: i'o«ly to draw negative electricity 
' » rlio I'lJ-i'ir ' r-'i-l. an«l <tiid. The right-hand patch in 
iiki* man: It i i'\:r!ia> to the bottom, and attracts positive 
tv^ the lower >tuil. 

344. rho a- tioii whioh we have described produces 
rapivl iiioroas*' ot any slight charges that the two patches 
of tin foil may possess at starting: and when the machine 
is dry there is generally a sufficient trace of electricity 
remaining in it to furnish a basis for this rapid process 
of niuhiplication. In unfavourable weather it may be 
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necessary at the outset to employ a flat [lieio of viil 
ca,nite (or other euitable suhstance), which has been 
'electrified by friction, and hold it at the back of the 
fixed plate opijoaite the highest oi lowest bmsli, till the 
m&uhine begins to work. 

345. When the two patches of tin-foiI liave aequii-ed 
their charges, a great deal more electricity is produced 
than ia necessary for keeping them up. The surjilus is 
collected from the revolving pUte by rows of brass 
points, just as in the friction machine. They are ranged 
along the two horizontal radii of the plate, one row col- 
loctiog positive and the other negative. They are in 
'connection with the two knobs C which are seen in front 
of the machine, and a brilliant discharge of electricity 
takes place between these knobs. In the above descrip- 
tion we have supposed the right-hand pat^ of tin-foil 
to be negative. It will accordingly attract positive 
electricity from the right-hand conductor to the points, 
through which the positive electricity will stream off on 
to the face of the plate, leaving the conductor with a 
strong negative charge. The right-hand knob will 
therefore be negative, and the left-hand knob positive. 
The knoba are at the ends of sliding rods with insulating 
handles, and can either be placed in contact or separated 
to any distance not esceeding 5 or 6 inches. They should 
be about half an inch apart at starting, and be gradually 
opened wider as the discharge becomes stronger. 

346. The Leyden jar is an instrument which is nseful 
for collecting a large (juantity of electricity in small 
compass. 

The essentia] parts of it are, two conducting surfaces 
at a small distance apart, with glass or some other good 
insulator between them. It usually consists of a glass 
jar, lined with tin-foil both inside and out, with the ex- 
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uter coating, and tlicn the other knob must be broiijiht 
lose to llie knob of tlie jar. Before it has quite touched, 
a. bright spark passes auross witli a loud report 

348. A shock can be obtained by first putting one hand 
on the outer coating and then touching the knob with 
tjte other hand, or a weaker shock uan be obtained by 
simply touching the knob. In the first case the electrici- 
ties run from one coating to the other througli the arms 
and cliest, in the second case through one arm and the 
body and through the soles of the boots. A number of 
persons may obtain a shock together by taking hold of 
hands so as to form a chain. The person at one end of 
the chain mnst lay his hand on the outer coating of the 
jar, and keep it there till the person at the other enil 
touches the knob, when all will feel the shuck at the 
same instants 

348. The peculiar power which a Leyden jar possesses 
of holding a large charge depends on the attraction wliich 
takes place between the two ojtposite electricities on its 
two coatings. The thinner the glass is, the nearer will 
tlieae two opposite electricities be to one another, and the 
more, strongly will they attract each other. Hence a jar 
of thin glass will hold a larger charge than one of the 
same size of thick glass. 

If a Leyden jar is hung by its knob from t!ie conductor 
of a machine, leaving the outer coating insulated, the jar 
cannot be charged. One coating cannot receive its charge 
unless the other coating has the ojiportunity of receiving 
on opposite charge. 

In Hke manner, when the jar lias been charged, it can- 
not be discharged by touching one coating while the other 
coating is insulated. Let a strongly- charged jar be set 
upon a stool with glass legs. By touching its knob we 
shall obtain a small spark; tlien by touching its oute 
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not evhiWt any repulsion at all. This is 
rly all the electricity goes from the leaves l.o 
ilate, in oheiiiein:e to tiie attraction of the 
ctritity of tlie upper plate, whit'h has come to 
I earth. While the plates are apprpaching 
each ia receiving more an<l more electricity 
nee of the attraction of the other, one getting 
roni tiie earth and the other from the gold 
lien the upper plate ia lifted off again, the 
each other just as vigorously as before, 
i have a large conductor with too feeble a 
Feet an ordinary electroscope, we may connect 
of the two plates of the condensing electro- 
Bct the other plate for a moment with the 
disconnect the conductor, and finally lift off 
late, when the leaves will probably bo seen to 
y proceeding in this way we give the leaves a 
aps a hundred times as strong as they could 
•A without the use of the condoiiaiiig arrange- 



;her example of 
Dndensation is 
r the electro- 
172). Thiain- 
snaists of two 
jwer one of viii- 
lellac, with tin- 
lOttom, and the ■ 
i brass, with a 
e. We begin 
; friction with 
r flannel to the upper surface of the lower 
, thus acquire.'i a negative charge. We tiien 
iper plate upon it and press it closely down. 
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In tills proceM, the upper plate, being in coDnection witU 
the earth, acquires a positive charge by imrluclion; and if 
we DOW lift off the upper plate by its glass handle we cut 
gpt a, good spark frotn it We may then press it dowa 
again, remove it itgain, and get another spark, and so obj 
time after time. If the insulation is thoroughly gooJ,^ 
hundreds of sparks can be drawn in this way witlioiit thft 
necessity for renewing the charge on tlie surface o£ tl» 
lower plate. 

It might have been expected that the upper piaM 
would require a coating of varnish to jireveut it from' 
touching the lower one; but experience shows that i 
smooth plate of luetal does not easily receive electricity; 
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from an insulating substance. The tin-foil at tho hottpnl 
is useful in helping the lower plate to retain its chug* 
when the upper plate is lifted off. ; 

3SS. Leydcn jars are sometimes combined together ti 
fiirm a Leydon battery, as represented in fig. 173.;«~" 




luTier coatings are connected together by brass roiJs, anfl 
jiieir outer coatings are connected \i-ith each other and 
with the earth by means of a tinfoil lining to the box, 
ffbich is in connection with the chain shown in the figura 
The chain eliould be connected with the negative con- 
luctor of the charging machine, and the inner coatings 
«rith tlie positive conductor, if it is desired to give the 
inner coatings a positive charga The battery can be dis- 
charged by connecting any one of the outer coatings with 
any one of the knobs by means of tbe jointed disdiarger; 
or if the Holtz machine or Voss machine is used, the siid- 
ing knobs of the machine may be placed at such a distance 
(1 inch or so) that the discharges will take place of them- 
wlves as we go on working the machine. Great care 
must be taken not to get a shock, as it is extremely dan- 
gerous. 

The arrangement ehowo at E is oalled a quadrant 
electrOBCOpe, and is intended to show whether the battery 

lis strongly charged. It consists of a pith-ball hanging by 
straw which can swing freely, and as the charge in- 

Icreases the ball is repelled outwards from the upright 

item. There is a graduated card behind the straw for 

idioating the angle of deflection. A similar instrument 

often attached to the prime conductor of an electrical 

iaachiue, as in fig. IG8. 
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OAl.VANIO BATTERIES AND THEIR EFFECTS 

S5S. K\*m' di^hai^ of electricity may be regarded as 
rr.\ titviric cnrreiit; but we are now going to consider 
iiMi hivis by which a steady electric current may be raain- 
!.in)t»»i for a Ion;; time. Such a current bears the same 
rci.ition lo \hv liirachanre of a Leyden jar as a steady pres- 
sn:Y iiiv> tv» ^ \iolont blow. All that we have said about 
t)jo tiistiniiion of j^tfiilire and negative in connection with 
\]\.^ flow oi oloctricity from one part of a conductor to 
nnothiT iji o.piAily tnie for these steady currents. A cur- 
r(MU l^f ]>i^sitive olivtricity flowing in one direction is to 
W rocariitnl ais the ^^me thing as a current of negative 
oltvtrioit) floMii\:Z in the op}x>site direction; so that if 
O..0 ]vi^on Ss^xri iliat a jv^sitive current is flowing doiivTia' 
virc anvi anotlicr ]vr<on ^-^ys that a negative current is 
t^»\vini: u]> it, !iu\v are merely stating the same fact in 
ditVen^ut woni:v 

It is custom :iry, for the Siike of brevity, to designate 
the ]v^sitive ourretit a^ **the current," so that when we 
^js-iy ** the curreut is flowing down " a wire the meaning is 
that ]v%sitive electricity is flowing down it, or, what is the 
same thiitg, negative electricity is flowing up it. 

^4. The easiest way to produce a steady current is hy 
nteans of a galvanic cell, or a combination of such cells 
called a galvanic battery. In a galvanic cell, chemical 



Rction takes place between a liquid and a metal — usually 
sine — which is partially immerseii iu it; and tliere is 
knother metal, or solid conducting substance of some kind, 
^lao partially inimereeiL The zinc and the other solid 
liconductor are called the two plates of the cell The 
IbTatee must not be allowed to touch each other in the 
liquid; but when we want to get a current we must eon- 
nioct them outside the liquid. This might; be done by 
Jettiny them touch outside the liquii.t; but it is more usual 
to connect tliem by a wire, or ratlier by two wires fastened 

to each plate by screw clampa or binding-screws. The 

enrrent will flow as long as these wires are in contact, and 
ynll cease flowing when tliey are separated. It flows from 
ifche inactive plate through the wires to the zinc plate, and 
completes its circuit by flowing f i-om the zinc plate through 
Uie liquid to the inactive plate. There is a continual .cir- 




culation of positive electricity in this direction round the 
Ni-cuit as long as the chemical action continues, or, what 

the Barae thing, there is a continual circulation of nega- 
^tive electricity in the opposite direction. 

306. The inactive plate is usually either of copper, of 
iplatinum, or of gns-carhon, tJiat is, the carbon which is 
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rhese crystals are snpportml by n cage of copper 
are intended to keep tlio solution siituritted. 
le moat convenient cells for most class experi- 
the bichromate of potash bottle-cells, one oF 
epresented ill fig. 17T. The liquid is a solution 
of bichromate 
' of pot ash, with 
Httle snl- 
2>huric niid 
added Itithi> 
liquid two flat 
plates of cai 

pended and 

between tliem 

13 a. tilt plate 

of amc, whitli 

can he >h,l u] 

and down l\ 
a rod piojectinj; thioii_li ' ^ 
f the cell It IB slid up 
in use, and i** tlien jnst clear of the hquid By 
; down (which c \n be done initantaneoualy), the 
juglit into fuU action, and as soon as the ex 
is concluded the zinc should again be raised out 
uid. The tell 11 not suited foi long continued 
: such purposes Bunsen a is much better, but 
■ery powerful eft'ecta when only used for a few 
it a time. It has the conveniences of great 
f and of freedom from noxious fumes. 
Jl give some further explanation of the action 
es later on, when we come to speak of eleclro- 
i shall now describe eome of the etTects whicb 




ii?«^. »•' ■> •'<*• '.rTx-:* i? the proiliiction of he:.- 

'.• » ' •* I'" ir'M;;*;, <"iue of the verv tinest ira 

*■ ■ -.■■■.:>•. ■».' .>J>t;iiiie«l — the refuse sulJ ■■;■' 

■ > A >. . «4 ■ I'-r vtlv wt'll: it is ahout the thkk- 

- . ». \ ■ , :u!. An iiuh or so of this wire :> 

\ • • . I'-t ••■■•■Iroil I'V soinlini: throui'h it t:.o 

! J. '••■ ^t tiiroo or four iiood cells. A 

• ■ ■ \- r ■i.-ar.'U •Illy rod-hot, or to a still 

* ■■ « ■■: I" :o ■v^tutT the wire is, and the 

■ ■■•• .i:r*^.;ul: it will he to raise to a 

• ■ ■ »-' ■ ■ iT wivo is much more difficult to 
• • • -c : ■-' :id;.:ots too well ; platinum is 
'- ■ • r i> irvri, and can be raised to a 
• ■• ■■; 'A • i ■ ■•.: riioitiuLT. 
,«.••• .rr otron exploded by having a 
■ • s ■; ::u'tn. which is connected, at 
• . v-d wires leading to a place 
- X ' ■v.cvv, bv moans of which 
■ .1 ■■•.•:••■■.: and raise the wire to a 
- ■ ■";••■, :'. oxi^losion almost at the 
V ., ■ .vV.on with the batterv. 
. •■■ •:> \;u:ous forms, is another 
\ "., :■•". ;: vf a current, as we shall 

5.^:' V .' \ ■/.:■. i:cd bv a current is the 

• • ,■■.:•■ i !\c.Nl!e. 
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v.-'.ov an ordinary mariner!* 
ompass needle. supporte«l 

. -i •". '"^ 'i '^■■\ is more convenient. The 

^' ' ."•. ^^ ••...■ '.'•-v' ov.vvcnt is tlowing should run 

■ '• ;•■ ■ N,^. •.•■•.. .:*.•. I s'.-.v^',;'vi be brouirht tlown over the 
■.••■/ ■ ;n w ',.'. ,M\:^.' :":\c uocvllo to turn awav from the 
•• .••.".■/ v.'x". \".i.r,). av.vi 'lO n n\:un dctlected as long as 
•; ,• w;--,* ^^xl;■\ '.io v r.vvv li. tUoviuL; tlu'ough it) remains in 
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same position. If llie current is flowing from 
f north, the Dorth end of the needle is drflerted to 

iat, and the south end to the e&st^ We cau t^-U vfaiw 

ly the current is (lowing in & wire h,y tneans uf this tert^ 

r if the curn'nt is revereeti Uie defleotiuii is reversed. 

We shall also obtain deflection by uuting the currenlij 

iw below the needle in«t«jid of above it. 
rom south to north below the needle will deflect tli4S 

Tth end to the east. In buth cases Uie current would 

idee tiie needle stand at right aaglei to the direction of 

e wire, were it not for the magnetic aotiun of the eai 
4iich tends to keep it norlli and south. 

360. By experimenting with a wiru and a needb 

itiouB positions, and 
kinging the wire some- 

mea close to one pole 

id Bometirnes close to _ 

te other, we find timt the 

ire exerts a sidewajs 

irast upon each polo, not ' 

direct push or pull, and 
Iways in accordance with 
he following rule:— 

tpose yourself in the 
ilace of the wire, with the 

mrrent entering at your 

and coming out ut 
'OUT head, «'liile ymir ~ 
lice is turned toward the 
leedle. Then the north 
mle will be deflected to 
'onr left and the south 
K)le to your right Tlje north poh 
you stretched out your hand 
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II' I • 11 .ii'l <!' . I r I' I ■ 'I'l ? ;.»'?;*'''»■■'"-■ ' 
I ('. . '.-11 I' M 

.'Wi.'l \ !■!''' 'il if'in •/. itli "•'. ij-'' WO',:.-'; r"";:; i [i f- 
l"M|", . ..I III I'll! ( i/iM" it l»y in"fi?i.- 'if a •riiiv:.:, ii . 
•HI i.|i.i'lin iiifif'.rif't 'III" \vir«' is ii>uariv oovt-rri'ii 
■ •!< I I |ii 1 1 lij. Ml 'I II.. II) r-dfiMii, SO as t«» |»rovon 
•'Mil III liMiii li.'il.iii" iM-rn ■. .'iiid foinpel it to 1 
<'iiiii|..|i (ill- \^ lin|i' lfti"fli nf fill' win*. 

I III- liiii I 'liMi' JiiMii j-; fi'iMjiicntiy f'in)»l()y('il, as i 
I"". 'Mill I III' inulill*' jinrlinii «»f the l)iir is (►ftcn left 



as here represented. The current is supposiil to ti\m 
the end of the wire marked + to the end tnnrkeil - 

imagine the har stiai^hi^ 
ened out by raising both ends, 
the current will hedescewlingoD 
the near side in both portions. 
The loft-hand end is according- 
ly a soTilh pole, and the right- 
hand end is the north pole. 

364. Another common ar- 
rangement is shown in fig. 
181. It eonsiata of two 
Btrwght electro-magnets E E' 
Bide by side, with their poles, pointing opjiosite ways, so 
tiiat the two pules at the same end are dissimilar. I'he 
dissimilar poles at one end (the right-baud end in the 
^ure), are connected by a short har of iron, wldch ia 





' equivalent to the uncovered part of the horse-.shoe in fig. 

180. At the other end there is a piece of iron A (called 
I an armature), which can turn round an axis V V ; and a 

spring g is constantly pulling at the end of the a 

la tending to draw tlie armature away from the elBCtro-__ 
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magnet. When the current passes, the electro-magnet 
ovcM'conies the resistance of this spring and draws the 
armature to itself, but as soon as the current stops the 
armiiture flies back. This plan is very much used for 
flcctric toh»graphs. The two screws c and d are so ad- 
justinl that the armature is never allowed to come quite 
up to the electro-magnet, but is arrested by coming in 
contart with the end of rf, while in the return it is in 
like manner arrested by c These two stops are usually 
set so near together that the play allowed to the armature 
is very small. This renders the action quicker, which is 
very desirable in telegraphy. L and L' are the wires by 
wiiich the current enters and leaves the electro-magnets; 
and it is no matter in which direction the current passes, 
the eilect on the motion of the armature being pre- 
cisely the same whether the current flows from L to L' 
or from L' to L. 

385. The ii'oii bar round which the coil passes in an 
(ilectro-mairiH't is called the core. When rapid magnetiz- 
ation and (loniaii^iietization are required, it is advantageous 
to make the core consist not of one solid piece but of a 
bundle of iron wires. 

It is very common to speak of making and unmalvifj 
an (^loctro-niagnet. It is 7nade by sending a current 
tln'ougli the coil, and uniiaule by stopping the current. 

Electro-magnets are usually very much stronger than 
permanent steel magnets of the same size. 



Chaptkr XXIX. 

XECTEO-CHEMISTRY. ELECTEO MOTIVE FOBa 
RESISTANCE. 

366. We now come to the chemiml effn-ls of electric 
airents, and these are closely conneoted with the action 
thich takes place in the galvanic battery itself. The 
urent is produced hy allowing an acid to unite with a 
letal in the cells of tlie battery; and the cuiTent, in its 
im, is able to sejiarate an acid from a metal. For 
sample, if we diasolve the blue crystals which are called 

vilrioi or mlphah <if copper, in water, tlma niakinj; a 
olution of sulphate of copper, and then dip into the Bolu- 
lon two wires connected with the first and last plates of 
battery (called the poles of the battery), the acid will 
me to tlie wire connected with the positive pole (carbon 
copper), and tlie copper will go to the wire connected 
ith the negative pole (zinc). If we keep the wires im- 
lersed for some time, we Hhatl find that the positive wire 
being eaten away and the negative wire is gaining in 
iiickneas. 

367, If we dip the two wires into water containing a 
ttle sulphuric acid, oxygen conies to the positive wire 

id hydrogen to the negative. The hydrogen is given 
r from the negative wire in smali bubbles. The ajipear- 
lee at the positive wire will depend on what the wire ia 
lade of. If it ia copper, it is oxidized, and nothing very 
oticeable is seen; but if it is platinum, the oxygen, in- 
lead of uniting with it, comes away in bubbles. The 
.bblea of oxygen and of iiydrogen can be colle(^t«d either 
iparateiy or together; and in the latter case, if the mix- 
ire be fired (which is usually done by an electric spark), 
goes off with an explosion and turns to water. The , 
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if which rest twii stout cojiper rods. From one of tliese 
B hung a plate of golt], anil from tlie other the articleB of 
taser metal which are to be gilded. The two roda are 
ben connected with the terminaU of a. coll, iu such a 
aajiner that the current passes from the gold plate through 
lie liquid to the articles which are to be gilded. Acid 




lor Ebclrn-gildinE- 



is separated from the solution at the surface of the gold 
Iplate, which It t,raduall} dissohes, while gold is separated 
Srom the solution at the surface of tlie articles which are 
no be gilded, and Sarmt a permanent coating. Electro- 
wlating ia performed in a similar manner. It is nccos- 
«ary that the surfaces which are to be coated should he 
flihoroughly cleansed from grease, otherwise the coating 
»WOuld not adhere. 

36B, Electrotype is a process for obtaining copies of 
:the form of a surface by means of electricity. The copies 
are usually of copper, and this is deposited on a mould 
itaken from tlie surface which it is desired to reproduce. 
Hf it were taken direct trorn the surface itself, it would be 
rconvex where it ought to be concave, and vice versd. If 
(the mould is of non-conducting material, it is rubbed over 



1J 



t* 



MMrrtii', '."".■ la: 



%t 






'i I ' nuln.ii III ^ivr it a '.orjviiT.iLj. ^;ma:o. r -^r 

. 1 \>w .ni.nt^fMiiiMiU an: "i '.if swi:-- rminit: s - 

. *•; .».i»u. . iho liiinid in ir^t vt'-i i-nii^ . *-':r::n: : 

'I «op)MM. iiiiil 11 *:op]^? T'or.-r I-.::-: zrL. rr 

. .'. i!u' lu**-.! iiii|Mi|tlillt app.i'.-t'J 'li- -x ■rirrr-":^'' 

r.un I look i** |»riiil«'«l froii. ♦-jrtT'^T^ri?: 
,1 «i'i»:u.iiiiHMil' r|iM:trol\>ifc » lift in-TCTi::.: 

« ■ • — 

. .' \« ".!i ouliitiiry rniiimer'.ii^ *.•■:•:'-?: ei-inii 
: » I o o! oNtU'ino purity, aii-i :L-r ir ;u::j-': - 

^V V \ . . '. !u \\\\w\\ rlivtrolyhi.s in ^r::-^ m. t 'SJ^'" 

.% ■. '.o'^ i\»' svU. ,i!ul \\\vw Ik li v*;iy tl.'-^ :-:ii.ti.a '- 

•M '!i xMii» \»l iht'Ho rrlls aii'i ;:_r i«-.1':»l :i 

.". ■ .' S.iiiriN ; ft»r instaiK.-^r. ti'Li r-t-*^" 

•. \* ..,;. liio \\»M^lit. of war-: "t: -T ir -- 

• -w •. .".A ll\il!i»''l'!l is \Z f-i 'l.r T-- ■ 

» \ ."'x' nil ol' tlu' l)jitt*::v: :: :: :i 

. ■ vxMMH't.as in the ]HiU:rf:^ •'. rr.--.'^-'^ 

\ . »• \\*M-.',hi of copjKT «1i.-]h. »::■=•- ■-? 

, xl: .-.olxoil in any one cell of :-^ 

... \ . .1 IVniioH's, in which c«:«pTrr: :? 

X '.' . -xxl on I ho roppor }>late while ::.' 

•. . ni'%' i-i appliiiihlo to the iie[K)si- 



T . 



^ » »■. 



> • < « 



' .' • 



t \ t 



i'.i'lr 



N\ 



V .. .'t I iMitoix is sont tlirout^h a series 






'. v' iSv»\%' Milo-iwill still he applicable 

, x'.-. IV.'. i\ x»i I'x^ppor iloposited in a cell 

* - • . •- ..'.N x»i liu* x^iLuiiitN of oloctricity that has 

.X' . '•. '.!'.!. ,x''.I. ijiuto invspootivo of how many 

i'.\ s »".isu*» i,\l \x tih it. 

*'^ I ■^*' »u.iiilv\ v«t olivtn»lvlic colls that can be 

« 



KLBCTROKOTITB FOBCS, 287 

STorkeil in a series by a given battery depoiids upon what 
.s callctl the eleotromotivs force of the battery. 

To take the simplost case, suppose that we Iiave a 
^iiumber of battery cells all alike, but that, instead of 
tjoining them up in the pro|ier way, as shown in tig, 173, 
,iwe reverse the eonnectiona of a. few of them; the current 
ia these reversed celts wOl flow thixmgh the liquid from 
«arbon to zinc instead of from zinc to carbon, and the 
aweraed cells will be electrolytic cells. Instead of zinc 
'being dissolved in them zinc will be deposited in them, 
.«ind there will be Just as much zinc deposited in one of 
these as is dissolved in one of the direct cells. 

If the cells are all alike, the number of electrolytic cells 
must be leas than the number of direct cells. If the 
numbers are exactly equal no current will pass either way, 
and if we reverse a majority of the cells the current itself 
win be reversed with them. 

If the numbers are nearly equal, the current will be 
very weak and the action in each cell very slow. 

572. The statements which we have made as to the 
quantity of zinc dissolved in each cell of a battery when 
electrolysis is going on, are on the supi^osition that the 
battery is in proper working order. Sometimes there is a 
■wasteful action which we have taken no accoimt of, due to 
impuritiea in the zinc plates which give rise to local cur- 
rents between one point of the plate and another. These 
local currents complete their circuits in the individual 
cells, and contribute nothing to the general current. The 
evil can be remedied by rubbing the zinc plates with mer- 
cury ao as to give them a coating of amalgam 

573. Whenever chemical combination takes place heat 
is produced; but in the ordinary use of a galvanic bat- 
tery only a portion of this heat is produced in the cells 
themselves; the rest of it is produced in the external o 
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■ -« . ■'.'.'.'.':< :':.•: :::■:-::. When we heat a wire 

>: _ . .• :lf :-.:t^:.: :r.r.>u_:h it. the heat that 

- • *•:■■. : : > & :• r:.:: -:: li.-e :.ea: due to the che- 

-: ".-■: i-T T !-::r.';.^:: o^ells in the circuit of a 

" : : . :■.• :. ".».:*:::.- :r. :':.r>e I'lo-iuees cold or uses 

;*. :* ,:> :_-:_ Itss r.r j: : : r raising the tempera- 
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:' -:'.•:•:' -rrzyi^e a:id electroplating, the 

. . J.". > :if r.-rn'r. :-: rt->r^n:s so much enei^g}' 

;- •■ :. . * V. ■. ':•: r/.i/.T i> >null OS iH^ssiMe. To this 

r7 : :.:.::- TV .>lLf tn:'..«Iove«i should he the 

« ■ — * ■ ■.: .. ;•.■■: iTT cv.:r^-!:: at all throuirh the 

?'4 V . >. . .-. ■ ^>". : > :/~« *.:: v'-i" ::r^-»".vsi5 will assist the 

- - " . : : .: :•-."' ■. : a V.:i::erv. these cells 

■.:: • :■- ■: ::\'? :■:■ ::>.- other ivlls. 

. ~ ■■'.:':.} .\vi.z[:v. of .::e :^reaterut 

- , ■■. .v.". :::■:-, If we have two 

.:.?:: ■ I ^\^!/s A!i 1 a st-: oi Bun- 

-. - ".:.:■.■: •/.'.:::■:::: -tive forces by 

:.■■>■.: .iTv ;\Mo :o foioe a cuiTent 
^ - , ..■....■ ::..-. .:":■.-- r s-;-r:. If the current 

;. - ":''^^- •' l*"»"i^l'.'s TO BunseiiN 

■ . : . ■...*.■.■■.:-. .-, .; ::-.;:^;;>o the Daniells nvm 

: '. ". ". . : ■; : " a : t : . e e '. v : : : : i:: or i \" e force of u 

v.. . - :: .:" ' :.:■:. .* :t :::a: of ^ Biinsen. 
ST,^ '•• ; ;; V -.v -:\- ■;/;•: \vh:i: is meant bv electrical 

■ 

r:'$:s:AU:f. A " .■.::■;-'. ^:- - ;• >tr-.-r.-:er current when its 

. :.: ■.\t':.: ' y a >":.■ vt li.ick wire than when 
> is :..'%-. V. .5.-A.V. -»:: i a Iv-r.^ :':.:!i one substituted. The 
.; :;.•". v*::o h:is croaior resistance. Two wires are 
> ■: '. t>^ "...ivo :':.e san;e resistance if the c-ubstitution of 
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roe for the other inakes no differoiice in tliP current. A 
ong wire has greater resistaFice thiiQ a short one of tlio 
lame kind, the resistance being in direct projKirtion to 
iie lengtii; and a thin one haa jirealer resistance than 
I thick one, the resistance being in inverse proportion to 
he BectJonal urea or to the eqimre of the diameter. 
rhns if we quadruple the length and double the diameter, 
ilie resistance will be unchanged: but if we double both 
lUe length and diameter the resistance will be halved. 

The material of the wire must also be taken into 
account ; a gi'O'l coniluclm' is another name for a substance 
tf Bmall resistance, and a good iiisuialor is a substance of 
jnormously great resistance. Pure cop[ier conducts about 
i times as well as pure iron; in other words the specific 
^Baistanee of imn is about 6 times that of copper. Hence 
i copper wire must be 6 times as long as an iron wire 
»f tie same diameter, if it is to have the same resistance. 
KcMstan ce is aHected by tempei'ature. Metals conduct 
>B8t when cold, but carbon conducts best when hot. 

370. The current of a battery has to make its way 
igainBt the resistance of the whole circuit, and this in- 
cludes not only the wire which connects the terminals, 
3)ut also the plates and the liquids in the cells. The re- 
sistance of the plates is comparatively small, but the 
resistance of tiie liquids often constitutes a large part 
of the whole resistance of the circuit. 

It is advantageous to have the two platen in a cell 
fnesir together; for this diminishes the resistance by 
isbortening the liqtiid conductor along which the current 
lian to flow. It is also advantageous to have plates of 
large area; for this diminishes the resistance by virtually 
increasing the sectional area of the liquid conductor. 
The electromotive force is not affected either by the 
■ize of the plates or by their diataMce; when a large cell 
25 . 



k v»|*|Hiwil to a Moall OM of tW aune Imd, no cod^ 
|NimM9 Axhiw way. 

8n^ Th<i» «)uautitiM of hnt geHrated by aooml* ^ ^ 
lh«» vliMVrvnl |iarU of a ditah an- propaEtaonaL la thff 
rMAi«»UmHw: «u thal» if we liaTe ftw^atoot (sopprvn*! ^ 
vH*iiiin(c fr\>iu thv UMminab of ft lattaBjv uidiRiaaatf 1^^ 
IhvMi l\v a <Hip|N^r wire of half tiM^ iamu^e^ or*l^ 
KmHh \4 Xh» i^tvtion, there will be ioor tinuastf^l^ 
h«Hi( |c«>nerat«Hl in an inch of tfaie wm w m. ml bi^' ^^ 
Uki vtvHit onivi; ami as there it onlj oatfamAdi^ 
euliiitanvH*« it will tiw in tempenuoie akoofc ICtii^ 
Ml fa»t« until it iHHHmive »o hot that the miatiatLH^ 
Imni iu 9urlfM*«> nrarly balances the supplj-. 

8Tt T\w dtn^ngth of the current (or the qwtily^ 
v^kn'tricit V timt |iati.Mnii in a given time) would he 
if wi% UouM^hI tho (^iwtromotive force without 
Ihr rt'«i<()Mu>\ Mutl wouUI bo halved if we doubled i^ 
ir^utatuo wnluiut ultorinfc the electromotive fo«fc^ 
IKm»1»Iuiv: tho luimU^r of cvlU doubles the electronwti^^ 
loivo. U\\ it aUo (loubloH tho resistance of one part o^ 
Oip ruvmt, !i!Uiu»ly tlio |»art consisting of the batterj^ 
*l<*^ll. tho iv^i^tanoo of tlio other part — the connectiiwr' 
win» ivuirtins iinultrrtHl, tho whole resistance is thcf^ 
foi-^^ hH'iv!Wo*K but not iloubUxL If the resistance of tlic 
WMMHvtin^ wiiv 18 nmny times greater than that of the 
l»*»tton\ i\\x^ \^\\y^U^ ivHistuni^t^ will not be much altered 
»n»l tbo ounvnt will bo noarly doubled. If the resist- 
»Hoo of tho ovMu\ootiug wiiH) is very small compared with 
<b»t of tbo buttory, tho wholo resistance will be nearly 
doublod, mi J .ibo ouiwnt will stuircely be increased at ftU- 



CHArTER XXX. 
GALVANOMETEK. THERMO-ELECTllICITY. 

379. We have mentioned several effects of currentB ; and 
^3 all of these etfecta increase when the current increaica, 
'ny one of them might be made to serve as an indicator of 
the strength of the current. The effect that fumiahes the 
Handiest means of mcBsuremeot, and is moat frequently 
*"nployed, is the deflection of a magnetic needle. In- 
■tnuneats for measuring the cuiTent by this means are 
wiled galvanometerB. They contain a coil of wire for 
the current to pass through, and a magnetic needle, 
which, in the sim]>le3t kinds,' is placed in the centre of 
the coil. 

380. A very raugh and early form of this instrument 
^ shown in fig. 184. The coil must be in a vertical 
P'ane, and must be placed in the magnetic meridian; in 
other Words, it must be placed so that when no current is 
P*»sing_ the neeiUe is in the 
P'«ie of the coil. When a 
^"fT-eiit ia sent throni;h !).,■ 



«oiI 



the 



1 W- dr- 



fi««teaonewayorlh.-otl„'.- 

**'=ording to the direction of 

*^^ current In the t\-:m<; 

!*'« northern hidf of tho 

"^dle ia shown dark, mu] 

*^« southern half hgl.L If 

the current is ascending in 

^^ti near end of the coil (ths 

^Uth end), it passes over thi 

ueacendB at the north end, 

south below the neeillo. In each of the four parta 




needle from south to north, 
.lid returns from north to 



arta^^^ 
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«dl« towudll 



this cowree it iirgps llie north end of th« noedl« t< 

the w»t, and the aouih end towards Uie east. Thii ill 

true for eacli separate convolution of the raiU and tliej 

foiroK pKHiHccd by Uie different convolutions »re till 

nddiHl tugetlier; bo that 20 convolutions will prodnce the i 

sanio offifct as a single convolution would pradnce villi I 

■ B cum-nt 20 tiiiifs as strung. (Hence the old mm', 

mnltiplifT.) i 

SSI. A morp clahornte fonn of galvanometer is exhibiwdl 

in lig- ISri, The coil here is circular (its ]ilane being Ttr-' 

tical as before), and a gra- ! 

duated horizontal cjnle i*( 

provided for reading off Ab' 

angular deflection of lh» 

needle. Tlicre is also xa. 

arrangement fortnming tliO' 

coil round a vertical m%'. 

and & graduated circle for 

showing how far it has been ■ 

turned, the intention being] 

that it should be tamed tilU 

it overtakes the dettecleU 

Tifoille. This last arrange^ 

iiient is not often em-: 

ployed, the coil being dbb^ 

,.|^ ,. idly kejit in the plane w 

the magnetic meridian. I 

From observing either the deflection of the needle Oil 

the angle through which the coil must be turned to ovrts 

take the needle, in an inatniment of this kind, the strengU^ 

of the curivnt can be computed with the help of Triffi 

onometrioid Tables, J 

388. Another kind of galvanometer which is very muu 

usi'd is shown in Ag. IHG. Its needle is double, conuaH 
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of two needles, as nearly alike as poaBiblo, fastenadl 
lie same upright sl«m, with their poles tui-nod oppo* 1 




ways. As far aa the influence of the earth's mag 
ism upon them is concerned, they behave like a singl< 
die very feebly magnetized, . 

the two needles t«nil to turn | 

orita ways; but they are bo 
sed with respect to the ooil 
t the current tends to turn 
m both the same way. This 
ixplained by % 187, whii:h 
WB the two needles and one FiB.i87.-A.toUoNB-.dk, 

volution of the coiL 

rhe lower needle is in the centre of the coil, aa in the 
ranonieter already explained, and all ports of the 
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r.:.F.TR:c i-if.kents. 



• ■ ' »-.. : • ::.>:-..:'.:rr. vi...^ ji.^- i\^.^i the cuitoiu tonti 
: •■ \ w r- ::: .^l :i..- >..;iive of heat and leav 
•• ■' ■■•' •* * ■ :•-■.:": ::." i.r'.'iiv will in*a»hiallv retiii 
. ■ •■ -:. .* .■ .: ::.:i: ti.-r i:ir:i-ii: ::rraduallv dies awav. 
v*.»::.. : ■ ■■. . : -;:it. :ion. Ifavin^ the rirst cool, and 
:!:••.■ ..• \» ... >. ifrit'.T'.-'i ::i ihe oj>j»osito direction, sho 
:..:»: ;:.• ■ ..:t-:.: i* r-.\fTs.-.L 

S55. A::rr :":.v ixi'-.iinu'nt ]ia> Ueen shown in at 
::i : .'v v..\ V .::. n; .i-.-rare warming', wo may heat o\ 
::!• ..:. :: :.«. : '.. i: i> > • ht-t that it would blistei 
:.. J- : 1 ..." *» :.'. t;i .:>•.- a l.-ir^ro lioliei-tion : hut. strani 
'^.-.^ . if V- :..:.k .: «.:-;;; i.,.!T..r. the defection diminish 
: ■::.::.:. ;.:. . :;.-.:. i> 7i\ii-srvl. so that at a red hea: 
> ;4.. :.:.': :« v:\ .:»:,.■' T'l'Vi-rse deflection. 

I. ;:•■.:.:> ■::»::.:■• ::) il.is wav are called the: 
flertrlr.. ...... :r..y :«\.' iiiitais will serve. Two m 

^■- ::• ..-. :.:._v :>:■ . : : ::.<.- r»".'in«-se are hi>nuuh 
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A 
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" i: ■.ri-a^'.-'l ]iv ■ioininj a mil 
.-.:;«.> in aiii-riuitf >ii-;i'f>>ioi 
s':."wn in riu'. 
If wo wai'in the 
i»f inn vi ions ^^ 
lii' at the top ii 
tijnre. the oui 
will he in one i 
tion. and if we\ 
tlie junctions v 
I ."it :;.r :»■. ::rm i: wui \*v in thoopimsite direction. 
>:....;:. .-iV;!"! antini^'uv tlie ruK- is, that the current 
:.\'\,; "i.-; SI ;.-.-.::-; :,•» antimony thriiUirh the warm junct 
:.'.«; ;'i\-..; avitimoiiv to hisuiuth through the cold 
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387. We cannot get thermo-electric eurrenta without 
[fferences of t6mj>erature. It all the junctions wtre 
^tmied up to the same point we should have no current 

aXL Again, it is not material whether the two metals 
B in direct contact or have a third metal between them ; 
ooe there is no objection to their being soldered together 

the jimctioDs. 

By increasing the number of jimctiona we multiply the 
ectro-motive force in the same proportion, but the whole 
lectro-motive force is generally very small. With copper 
ad iron it would require about 2000 junctions, one half 
I them at 0' C. and the other half at 100° C, to give the 
■me electro -motive force as ari average battery cell. 

898. Tlie chief use that baa been made of tbermo-elec- 
ricity is the construction of an instrument which takea 
lie place o! a thermometer and answers 
tetter than a thermometer for some pnr- 
K»es. It is called the thenno-pile, and is 
cpreaented in figs. 191 and 192. 

number of bare of bisuiutii and anti- 
nony are built up into a foi'tu something 
ike a cube, as shown in fig. 191, Each b;ir 
is Boldered at one end to one bar and at 
the other end to another bar, in such an order that tlipy 
(nrm a series in wliich the two metals occur alternately. 
The first and last bar in the series are only soldered at 
one end, and these two bars are connected with the two 
binding-screws, which are shown projecting from the sides, 
with wires attached, in fig. 192, 

Inaalating varnish is placed between the bars, so that the 
aurrent eannot leak across, but must traverse the whole 
length of the chain and pass through all the junctions. 
The cube of bars is mounted in a casn, which can be left 
open at the ends, thus exposing all the junctions. The 




thermopile is uaoally employed in connection with. 
Utic galviiDometer, as sliowti in tli? figare. If bod 
of the pile ure at the same temperature theru is i 




rent, but a very small difference of temperature i 
to give a sensilhle ileliectioii of the needle. 

The appurntiis has been especially employed { 
searches on radiant heat, and one end is generally o( 
with lamp-black vai-nish to make it receive 9 
ratliaut heat more quickly. 
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more important source a 
nportant source of a 



339. We now come to 
trie cuvrents^tha most 
neto-eleotrioity. 

Take a liorse shoe electro-magnet, like that jn 
iind conrmct the two terminals of its coil with the 




MAONISTCI-BLBCTRIC CURRBHTS. S!))) 

of a galvanometer at a distance of several feet; then take 
powerful stuel horse-ahoe magnet, and bring its poles 
into contact with those of the electro-magnet. This will 
produce an instantaneous curreut in the coil of the electro- 
magnet, which will be shown by a considerable deflection 
of the needle; but if the poles are left in contact the cur- 
rent does not continue. Now pull away the eteel magnet, 
and an iuatantaneoua current will tlow in the opposite 
direction. The iron core of the electro-magnet is magnet- 
ized by touching the steel magnet, and loses its magnet- 
ism when they are separated. The experiment accord 
itigly shows that currents are produced in the coil of an 

\ electro-magnet by magnetizing and demagnetizing its 

I core, The currents produced are bo strong that, if a deli 
cate galvanometer is employed, it is not safe to let thf 

'. magnets touch — a piece of card 

' must beinterposed, or injury will 

n be done to the galvanometer. 

\ 890, Another way of produc- 

iingacuirentinacoilistothrust 
a magnet into the interior of tlie 
coil, as represented in fig. 193. 
Generally speaking, any move- 
ment of a magnet in the neij 
f bourhood of a coil of wire pro- 
! duces a current in the coil; a 

the same effect will be obtained i 
I if the magnet is stationary and 
I the coil is moved. It is only the 
' relative movement that counts. 

The quicker the motion is the stronger the current is; 
hut it lasts a shorter time, and no more electricity passes 
when the motion is rapid than when it is slow; it only 
passes more quickly. 




Ciitmits pnxlucctt in this way are sai.l to be hidwM 

ftud the process ia uillt!il ma^eto-electric induction. | 

891, Fig, 191 re|ire?i?iil£ a very comjuoo but iiitbaj 

lectric machine, Somtt 

part-s are shown on ty 

larger scale in fig. 195.! 

An electro - inagErf 

(shown in both figures),. 

conaiBbing of two coil* 

with their cores coit- 

iieetcd at the back by 1 

flat bar of iron, cau b» 

made to revolve rapiiHj 

near the polee of a ateel 

horse-shoe magnet If 

we start with the two 

cores immediately 

opp<Kit« the poles oi 

tlie steel 

magnet, i 

.liireut i! 




L 



induced while they are moving round from this p«J 
tion to the exactly opposite position. During the fiif 
half of this movement the cores are losing their m^ 
netJsm, and during the second half of it they are M 
quiring opposite magnetism to what they hod befori 
The current is in one direction all this time, and durinj 
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tlae next haU revolution, which brings them back into 
tiaeir origiija) position, there is a current in thii ojiijosite 
iirection. 'I'liere are thus two currents in ojijiosite direc- 
tions in each revolution, and llie reversiJs tnke place at 
tlae moment of passing the poles. 

192. Fig. 195 ehowa the arrangements for leading otf 
'these currpnta into an external circuit. 

N and N' are the binding-screws for attaching the 
External wires; *■ and r aie two springs connected with 




these binding-screws, and pressing against the revolving 
axle. E and E' axe pieces of metal connected one with 
each end of the coil. I)uring one half revolution E' is 
tubbing against r, as shown in the figure, and E against 
We will suppose that during this time the current ia 
passing from E' through the external circuit to E, so that 
positive electricity ia collected by r and negative by r'. 
During the next half revolution E will he rubbing against 
r and E' against r', so that if the current in the coil had 
not undergone revei'sal the current in the external circuit 
woiild be reversed. But the current in the coil is revei 



vera^^^ 



im wuxmc cubkbsttb. ' 

■t thetUM tNomeat ifaa,t Uimo conU<'[3 are revenedi 

ikns tb« mnvnl in tlw ext«niftl circuit is dwayail 

_ (uune iltrvction. Tlie spring r »!»»?* 

I) Wt« posiiive and the B[>nng i' ainritjtl 

In tivL-elL-ctridtr. Tliis aii{mntus forcdh 

gjH u, ['tirrenu alwaya in tbe eame ^recfl 

l^P* ijllwJ a fimmalitlor. 

393. If it is desired to employ thend 
ii>i' healing em^l pieces of wire, till 
^)ii>ul<l be of moderately stout wite; \ 
<jv composing water or giving shocks tt 
'li ihe coils should be very fine, * 
linTe may be room for a great lengtl 
A ^^Twat length of fine wire gives theg 
elociroiuotive fott-e. The revolving i 
magnet is called an anaattire. Son 
two different armatures are provid 
'with thick and the other with tht 
The former is thejt called a ipuait'ttij ai 
and the latter an iniauitg anuaturs, 

394. An improved form of r 
electro - magiiel, 
called Siemens' 
annatore, is re- 
presented, with its 

Fiti»».-st«- commutator, in 
„,.„,A™...r. fi^s. 196 and 197; 
and fig. 198 shows a cro?'- 
section of it, as it is 
mounted in its place 
in a machine where 
it revolves between *^" 

the two poles A B. Its advantage lies in its o 
ness, which allows the whole of it to be plao 
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ion of very strong magnetic force. Its construction 

'ery like that of 

fcuttio, iron tak- 

' the place of 

od, as shown at 

. fig. 198, Bixl 

^ the place of 

■ead. The iron 

hie ia to be re- 

NJedaa thecoreof 

I electro-magnet, 

i a and 6 are its 

les. They ex- 

id along its whole ]•: 

el magnet extend the 
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*^1. romwl it, revolves in tbe directi(m of tlie 
F-=i\ liv i'*'^^" ^® poles P P' of a magnet, there wUl be 
httv^- '^^iced in the iron ring at ¥ &111I D, the points 
■ *'^V opiweite P and P'. As these poles remun 
rtii^,! M'lwe, while the iron riug in 
- \ '■'ley are formed revolves, it 
^** Uiat thi'y must travel baik- 
B^ wiroiigh tiie iron of the ring. 
i* *> doing they generate currents 
"la surrounding coil on the same 
"iciplti as in the experiment of 1 
■ 193. As one is a north ami 
W otiier a south pole, tliey generate 
[ 'l)po9ite currents, which destroy one 
soother if no way of escape ia pro- 
Tided; but if collecting hruahes nib 
on the wire at C and E, positive 
I electricity will be given off at one of 
f timepointeandnegativeattheother. 
401> Practically, iusteatl of the 
1 brashea rubbing on the wire they rub on tli 
s commutator, and the coil is divided into pa 
Bectiona, which are connected with these segmentB. The 
sections of the coil are very plainly shown in fig, 202, 
being represented dark and light alternately; the two 
brushes' rubbing one on the upper and the other on the 
under aide of the commutator are also very distinctly seen. 
The field-magnet consists of several thin steel plates of 
horae-ahoe form, with a pair of soft-iron pole-pieces, so 
shaped as nearly to surroimd the revolving ring. The core, 
instead oE being solid like an anchor ring, is made ot 
iron wii-e, so that it really consists of a multitude of rings. 

1 Tlic K-cDUeil liraghea are reilly lint linndUi ol wires, anil the ruliblna li 




e segments of 
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402, Fig. 203 is a self-exciting dynamo constmE'taJ un 
tills iiriuciplu, the ticM-uingnets being at top and boituin 
with tlio revolving armature between them. The Uti«r 
is driven by a belt from a steam engine, which passw 
I the dmirt .-r piill.'y "cpn at th<- left hand. .'" 




arrangement of tho poles of the field -magnets is the Bum'' 
as in the Siemens dynamo of fig. 199. 

403. All these macliines give a continnons current in 
one direction, and are called direct-current machinea. 

There is another class of machines giving currents first 
in one direction and then in the opposite, the reversuls 
taking place some hundreds of times in e 



in every ^^ajSJi 
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have seen, in fact, in our §tudy of tlio simplest 
ng of inikgueto-electro machine (art. 391), thai ilie 
"snt in the coil is continually ruversud; and the ehids 
•U6 of the currents in the armature -coils of a,li the other 
hines that we have described. It is thureforo a, 




i;t direct ciirnuitfi. 
temate-''urrent d.y-namoe are never self-exciting:, for 
i-magnets will not do their duty if their magnetism is 
piaally reversed. 

\. Dynamos are now used for all purponea for which 
long current is required. They have completely snper- 
1 galvanic batteries for nearly all purposes except 



;i!" ELECTRIC CURRENTS. 

:■ !• -.va! I'.y. a-* tln'V furnish elcctricit}- in large quan 
;.t 111 hii lo>< t'XiK-iis**. Thov are used notonlv forelt 
ii_ii:iiii: :ti)<l tlio tlriviiig of electro-motors, but als< 
riitr-'tyiM' ami clooti'ojtlatin':. When intended for 
l:»:ii-r jmrjMise their armatures are made of very i 
^^ ii'- ^\itil vi-ry few convolutions, so as to have very i 
]i-i*Tani-e: while if intendecl for maintainini; a scri 
:iTi lii:lits, their armaturt»s must have a great numb 
iMii\i»luti 'US, so as to give very high electromotive f 
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i 'HA ITER XXXII. 

Kl.KrTUlC LKUIT. ELECTROMOTORS. 

405. The rlertric lights of the present day are di 

guished'into two kinds — arc li 
and incandescent lights. Th< 
^ iiior are exceedingly dazzling, 
are apt to be fitful and flickc 
the lattei' are extrenielv steadv 
ph'a.'iant, but do not yield nej 
niuoii liirht for the same cost, 
iiave boon onlv recently inve 
\Alioroas the arc light was exlii 
by Sir Humphry Davy at the I 
ni]ig of this century. 

406. AVe shall describe the i] 

descent light first, because it i 

siiu]»]osts One of the lamps is i 

Noniod in fig. 204. The light ii 

" ■ '■ ■■ diuod bv sondiuix a current thi 

a thri'ad of carbon, which is 

» w I;-.;, I;,m! It this woro done in air the ci 

. ..,..\ I'.;: M a>\a\, uniting with the oxyg 




:nt tmn 
<1 of gl^ 

m poa^ 

nploying Sprengel's mercurial d 
3 heating tlie glass to drive offi 
ad moisture wtiiuh adheres to 
it is conveyed to the carbon filtl 



the air aa coal does in the fire. To prevfint thi»1 

bon tilament is inclosed in a vacuous vessel □ 

vacuum oF an ordinary air-pump would not be goo 

it is necessary to obtain the beat vacuum poa^ 

this is done by employing Sprengel's mercurial a' 

at the same time 1 

the film of a 

cold. The current is conveyed t 

means of two wires, which are sealed into t 

the bottom of the lamp. 

407, The arc light, which until recent years 
only kind of electric light brought into use, is p 
by emjiloying two rods of carbon, letting them t' 
a moment so na to com{j|ete the circuit and ai 
curreut to pass, and 
then separating them 
to a small distance. 
They do not begin to 
heat until they touch, 
the resistance of cold 
air to electricity being 
sufficient to prevent 
any discharge from 
taking place acrosa; 
but as soon as tlicy 
touch they are ren- 
dered intensely hot )iy 
the passage of the cur- 
rent; and as hot air i^ a 
conductor, the current. 
is able to pass across •■i.--~- "•'- .-- "-i-. . 
tlie small space between them after they are sej 

408. Fig. 205 shows the shape tliat tliey assun 
the current passes steailily in one d i recti on^ name 
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!!.'■ .■•;"r rarbi'Ti to the lower one. The positive carlxm 
ii. ■•::.•■- h'»lliiWfil nut like a saucer, while the negative 

t a:'" :i t.» iin-s C'imparativt*ly sharp. The hollow in the 

J-. -iTixf iMrliou is tiie place of *:reatest brightness; and as 
: .•■ I;iji:p i< usually hiirh ahove people's heads the positive 
«ar":'"-i i- ]»laiv'l uppennost that people may have the 
ii ii- ::• i'i tlu* liixht from the bright crater (as the hollow 
i-i -.'Mutinies oalleil). The air between the points is in- 
t'li-r'ly luiiiiuiius, as well as the points themselves, and 
til.' 1»i:::iit stivak formed bv it is called the ''electric 
;i!«-." heiui* tlu* n:\me i^i it re light. 

riri>::;t par:iiK'> pass across from the positive carbon to 
th'- Tiijative-: and the positive carbon is found to be con- 
sii:i..-i ai' 'lit twite as fast as the negative. When the 
cuinr.t -ui'i'lio'i is alternating both carbons Avear away 
alik'-. 

409. 1: i- impi-rtant tn k*'ep the carbons at exactly the 
\'.J ' ■i>:.t\.-. aiKirt. If iho di^^tance varies the li-'ht will 
;!: \ :.,\\.\ ■■«v--iiii acortaindistanceit willbeextiniruishe<l, 
ill w ;.i ■. . I- i' wiil nut bt'irin a!zain till thev have touched 
«■:..' !:. ■!'•. Aii: iunuts contain niachinerv of some kind 
t ■:■ I ::'-:ii.^- li.i- regulation. It ditlers verv much in dif- 
I. '.•'.; iii:.'.'<. un'i :;oiu*rallv derends in some wav on the 
t\\-.. t'd:"\v::i^ ]'iiiuiplLs: — (I) that as the points get 
tiivri.rv ;u-:iit tl.r cuvri-ut is weakened bv the increased 
ifsi-Taiioo tli;i< inrrodu<vd; and (2) that an electro-magntt 
iTrts stri'iiLifr Mr weaker as the current round it gets 
strpuuvr ur weaker. 

Electromotors. 

410. Wo have now to explain another application of 
electric currents, wliich has taken a practical shape in 
recent years, and promises soon to become very important 
■ — the employment of electric currents to drive sewing- 
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machines, circQlar-saws, lathes, tricyrles, tratncars, or any- 
thing else thut requires forcible rotation. 

In such applicatione a special machine called .in electro- 
motor is employed, so coDtrived that one portion of it is 
set in rotation by a current. 

411. One of the earliest kinds is represented in 
fig. 206. 

Thero are four ilonhle electro-magnets, two of which 
to the left and right and the other two under- 




neath; and the revolving frarati hetween tliem has on its 
circamfarencB a series of flat iion bars, which pass close in 
front of the feet of the magnets without quite touching 
them. Each magnet is made when a bar is approaching 
' it and nnmade just as the bar gets opposite to it, so that 
the attractions of the magnets, one after the other, on tlia 
27 M 
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lordingly, so long as the koy is down, Iho battery is in 

^nnection with the line wire; and as long as the key is 

the connection is broken. CniTBats are therefore 

tent by pressing down the key, and stopped by letting 

e key spring up again; and each current will last jiiet as 




long as the operator keeps the key pressed down. In send- 
ing messages, there are two lengths of signal employed. 
One of the two is as short as it can he made, and is called 
dot; the other ia a little longer, and is called di'sh. They 
lean in fact be made to print dots and dashes on a strip 
of paper, at the station at which the message is received. 
418. In the telegraphic alphabet, each letter is repre- 
Hnted by its own special combination of dots and dashes, 
'according to the following scheme : — 



L 


V 

X--- 


N — 





y 


P 

Q 

R 


z 


Uiiderstond 



^ 






■""H., 



'"••Wt, 










ade by the writing point is an index of t)ie length nf 
'■ii»e the currants last 

More frequently, instead of a scratching point, there 
la ink-tPriter consisting of a sharp-edged wlieel, whitih 
"'Elites with its edge, and is kept inked by means of a 
*oIler covered with u kind of printing ink. 

The messages can be heard as well as seen, and very 
often they are read off by ear without any recording 
apparatus. A dot is heard aa two blows near together, 
and a dash as two blows with a longer interval between. 
420. (jrciit use is made, in telegraphing over long dis- 
tances, of an apjiarutus called a relay, which is well iUus- 




trated in fig. 210. Its object is to make strong currents 
take the piace of weak ones. Currents which have trav- 
elled 80 far as to have lost much of their strength arrive 
by the wire marked " line," enter the key at c, pass out at a, 
and then through the electro-magnet of the relay to earth. 
This electro-magnet has the duty of moving a small up- 
right lever througli a very small distance, just far enough 
to make the upper end of the lever move across froin^ 



ss from fl^^ 




<>( two stiipft t^i tho oppnHite one. It thus 
circiiil of a battery kept for this purpose, cali 
hitlfry. When the current from the line stoj 
lever in the relay in pulled back by a very we 
s|)ring, and the cuireiil of tlie local battery is 
The nealc cun-eiits from the line are thus re 
tho shnpe of the strong currents of the lo 
wliich may be employed to work a Morse ret 
the figure, hut are also very frequently employ 
on the 
other 
hence tht 
from the 
relays of : 

vires an 

kinds— ai 

■ undergroi 

Airwii 

pended o 
means of 
which an 

porcelain. 



fot 



cup IS noi 
rain, and 

cordingly, a considerable breadth of dry sm 
wliith the electricity would have to pass befi 
escajre. 

Undei^onnd wirea are covered with a prt 
gutta percha and buried in iron pipes, from 



can Ije drawn out when exatiiination is necessary. They 
pave the aiivantage of being unaffected by anow-etomia 
pnd gales of winil, which often cati^ie a complete inteirup- 
KiDn of t«]egra}>)iic uammunicatioa wlien aii' lines arc etn- 
jployed; but they are lees favourable for quirk signallinp. 
nwing to the indaeluin which takes place between them 
ktnd the earth by which they are surroundeJ. 
I 422. It is not iisud to employ two wires, so as to have 
k complete metallic circuit, in sending telegraphic currents. 
[a single wire suffices; but the battery which sends cur- 
arents into the wire from one of its terminals must have 
Qts other terminal connected with tlie earth, and it gives 
ns much electricity of one kind to the earth as it gives of 
Ethe other kind to the wire. 

I The receiving instrument must also have a wire lead- 
BTig to the earth through whith the current can escape 
tafter doing its duty. Tiie best earth-connections are ob- 
itained by soldering the earth-wires to the large iron pipes 
[which supply towns with water. Failing these, an iron 
];|>ump or iron gas-pipes may be used; and when none of 
>thes6 are available, the earth wire is usually soldered to a 
-large plate of iron buried in the eaith at a sufficient depth 
■for the soil round it to he always moist. 

423. Velocity of Electricity. — The velocity with which 
, electricity tiavela along a wire caimot be stated as defi- 
nitely as the velocity with which sound or light travels 
through tlie air. 

When the distance is great, and the wire is buried in 
the earth or in the sea, it is found that, on putting one 
:ond of the wire into connection with a battery, the efi'ect 
.at the other end does not begin suddenly, but gradually 
increases from nothing to its full strength. The earliness 
of the first observable effect will therefore depend very 
much upon how weak a current the receMng instrument 



•^:i ELEI.TRIC CURRENTS. 

> i>io :o >i'«^w. ari'l als*.^ ven* much upon the violence of 
: . ' . • \- ^* •'al i iisn I irVviiiw ; for example, the discharge of a 
■ .' i^.M'. JLT «T Jk Kuhuikorff coil would produce an ear- 
'J- :■"!.::. -a: :.':i :hiii a current from a galvanic batter}'. 
I: > -i.-c •TOvvs^sary. in making such obsen-ations, that the 
t\ • ..•:•. U : :ho wire should be far apart, for, by employ- 
: .: A v":\".\ y\\rt\ we mav have them in the same room, 

m 

.i. .'. : — '- -i-o ^-virrvuit has to cross the Atlantic and return. 
U'-.o >:^rM!> \v:!l be receired earlier if the wire be not 
< .' ' 'orv;»;'i 'm;: >iis[vruU\l in the air; and WTieatstone, by 
»••• • ■ .\\ i:-^ :\\.^ ..viU ot wirv a quarter of a mile long, and 
vL ;<«.:•,. ir\;-:i^ a l.e\^ie« jar through them, found a velocity 
ii: uh j;nM:or ciun that of light His experiment is 
:'A!i'.o:;iM.\ no: <. rlv as Ivinij the earliest measurement 
■ ::•. ' \.!o::y of oUvtrioity, but still more for his inge- 
n: -.:> i!v'\ u .^ ot "cho n^tatinir mirror," which has ever since 
IvvTi v;\'»^::i.\\i as :iu imjK^rtant instrument of physical 
: - A- ■. \\ i.iivo vlosvviU^d one of its applications ic 

** » . - -. t f 



CuArrKR XXXIV. 
KrmiKOKFF i^'OlL. TELEPHONE. 

4i4. \\\^ wii; now Josoribo an instniment which is ver 
^■■•;v ii r.<^ .1 {or pioilunui: okH'tric sparks. It is callet 
K:i:.nilvtMtV"s induction coil, and its external appearanc 
1-* sjiowT^ in tii:. -I "J. The following is its construction 
* 'I'M : ;uo t\vi> bind iiitr screws for attaching wires fror 
'» '^.itton . Thev are the terminals of a coil of moderate! 
»*^*MH wiiv c-UKmI the primaty coil, which surrounds a cor 
^j^nsistini; of a bundle of straight iron wires. The end c 
t ht> eore is visil>K^ in the figure. The circuit is made an 
'^»*Kf»n by tlie nunements of the portion of the apparati 
^^^^ n at L, which vibrates to and from the core whe 
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the instrument ia working. The circuit is complutcd by 
the dipping of a pouit into the mercury M, and is broken 
when this point leaves the mercury as the piel^e swings 
over towards the cuil. Very often, instead of a jwint dip- 
ping into mercury, there la a platinum point which tnakea 
contact with another piece of platinum. The principle, in 




ia the ^.ii..!,,,., i.i .;;... ..K^i-aplut; ai^ii'iim iilut.ii 
we deacrihed in art. 416, the movements being produced, 
aa there, by the attraction of the core when the cun-ent 
passes and the ehistic rebound of a spring when the cur- 
rent stops. 

4S6. Outside this primary coil is wound a much longer 
coil — often some miles long — of very fine wire, called the 
/ cml, and it is this secondary coil that gives the 
qiark. It sends come to the brass tei'minals A and B, 
which have binding-screws, to which two short wires are 
usually attached, and between the ends of these wires, 






E ". JL r ?. :o c r K K ests. 

■ A-:-. L. r. :i <T»Ark will pass every time 
•i ■ -■■'<- •:. I f. iiistvii'l of taking a spark 



.1-- 



., ..^ ... ^^ .^^ ;. ,:., -: ,.ij. eiiiU a^n a? to dose the 

I : ■■ '. ".. ~t •.^:".l '■ •■ a cunvnt in one direction 

■ • -'.■^•i :■>.■■: ■ V :::-.• >i;.idr.-n nia^netization of 

. '.■ : ± rr^'.-Z ::: :'..'.» -.v-tH.^iro liiroction profliiced 

-. ■ •• ■.-.A^v. -Ilia: ;■•:;: "viir owini: to an action 

- ' . ^*.-:.':'; i> \ory marked in coils with a 

t ■-•.'. ;-:.::<• :;.e current at makini; is com- 

• ' •■■ ::- «r'!^::i a:i«l cessation, whereas the 

! -. \-- ^ is ;\:"t::ie*v short and ^f.ol'ftn. The 

• ':■•■ : . ' . ■. : riciry passes in both eases, but 

> ' ,- i:-.r -,l-c:r'^:r..-::ve force in the second 

-■>:. Axvvdiii^iy, the spark which is 

■ ■: r. •■':■. i :m ! s ' ^ f t \ . e sec ondar v coil in 
:s; ;: :'.:' :::s:r:;r::cnt is obtained onlv on 

' ^ • ■ : -Vi- ,; :/-; :v;!iiarv circuit. 

+v!^ -" ■■■:•■ : :'.' :i^': avatiis is soon tho 

■. . ■ M.T -pv:::^- i-rt-sin^ a^rain^t it 

■■- . ■ ■ : :-.-.'^ ;:. Ty nirnini: this the 

•■ ..;■: '. ■:: :.:::vl .-ii ai:-! ^-i!; and cuii 



- ■ ■ -.-. X .■ >"■ ■ k t: .-■111 a Kulimkoiir coil 

•"i >" .'.v :v>. ■:'.*. o:;e will cai:>o a porsoi: 

■ < •■- ■ >v :::■."-<< ::>;■ c.-i! is verv small. 
-fcC"* '- ■ N •. '"< ■. ■'. is \':vv ni'.ich u<o i for siiowini 
■ - =. ■^: '". v.iivrL.'l cases. An electromotive 
;; "• "' ^" • -■ . ••"> a r-iartor-inol; spark in air at at 

■• ^ ■.••><■■.■..■. wi;'. ^-vc a snark al o-it a toot loni; ii 

■..•■■•.■ I .i"v ■•■ :\::v !;:^:'.';v rarorled iias: and irla^ 
:. ', - .■.•■; *-.\Lv:: -v-v.i'.v I wliicli. attor havini: platinuii 
•■*•■■;- " : i-':o tl'.o!!i a: Ivrii ends, are tilled Avith soni 
.;•.> .■• I :*..ov. iuvnuti allv sealed. The terminals of th 
>c \:: :..:'. c^^il avo connected with the two platinum wire? 
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s soon ,13 tlie current of the battery is turned on, 

16 discharge passes. The light is too faint to be well 

en by daylight, but it presents a beautiful appearance 

the dark, and bears a strong resemblance to the 

irora borealia. 

428> We will now give some account of the means by 
hich speech is reproduced at a distance in the telfl- 



We will first describe the receiving instrument. 
is represents the form of it originally introduced 1 








le chief inventor of telephony, Professor Graham Bell, 

ad fig. 214 is a sectioa 
D D is a steel magnet of cylindrical form, and C is a 

jil of extremely fine copper wire surrounding one end 
it, the two ends of this coil being in connectiorv with 
J binding-screws E E. A current passing in 



yis 
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i::r.^'::on i^ill <:n?nL:tlien, and in the other direction will 
w ..ik-n. ::>-• a::riLtiou of the magnet upon the thin iron 
X '.i:-. li l\ caluil the 'iofj'hnjahi; and if the currents 
<■.»«••: t.\wh t'lher with sutHcient quickness, the small 
!:■ • .:::.:::> "t ::ie pLite to and from the magnet vnW give 
r*.s.; :■» si:::- 1. \\:i:oh may be heard by a person placing 
his oAr a: ::io ••ivr.in^ A A. 

429. If wo ct.nmect the two binding-screws with » 
'\i::crv. w.* hear r.othin;: so lonsij as the current is steady; 
* .:: w i:o:: i: i< >i;ldonIy interrupted by breaking conneo- 
:10a, we :.;ar a sound fn^m the diaphragm, loud enough 




:o lo :■.:.:•. I .1: :i iiisMiu^^ oi some vaixls: and a similar 
ii. .::. ; ;> .:j.*Ai .-r ::.o luomont of making connection. If 
\\o !.m'.v. .i:.A I'A ak oo!uu\'tio:i bv means of a vibratini: 
j;,,..;..^ \\l'.iv-i iiMkos o''0 vibrations per second, we hear 
;i :\v^:o o: ."^00 \ i 01 a: ions [ht second, because the diaphrairm 
makes ri:e same uumlvr of vibrations as the spriiii:, 
Ivirii: ov>mpelled to do so bv the varnnu attraction of 
tlie maixnet. 

430. If we arrange a circuit as in fig. 215, where P is the 
symbol for a battery, T is a telephone, and C C C" are 
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tliree bright copjicr or Lrass nails, one of which completer 
the circuit by reatiuy ou the other two, somids will Iw 
auilihle in the telephone not only when this nail is lifted 
off and put on again, but also when it is made to tremble 
by any kind of disturbance. The sounds are produced 
in this last ca^ by variations of resistance at the points 
of contact of the nails, a reaistance which is considerable 
by reason of the smallness of the area of contact, and 
the intervention perhaps of a thin layer of air. This 
resistance is diminished by pressing the nails together, 
and increased by relieving their pressure, so that any up- 
and-dowa trembling causes variations of the current; and 
these cause variations in the attraction of the magnet 
upon the diaphragm. The sounds thus produced are not 
audible at a distance, but 
tiiey can be heard by 
holding the telephone to 
the ear. An aiTangement 
of this kind is called a 
microphone, and instead 
of employing a metal for 
making the contacts, it 
found better to use 
carbon. 

431. This is the pnn- 
!iple of the sending in- 
strument in all the best 
telephones now in use. 

Fig, 216 shows how the carbon contacts are e 
in the Gower-Bell pattern. Eight sticks of carhon, one 
of which is shown full-size at the bottom, have their 
ends loosely inserted in holes in carbon blocks. Four of 
these blocks are attached to a strip of copper S, four 
Others to a similar strip on the other side S', and anot^ 
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block with 8 holes in it stands in the centre and is 
insulated. The current from the battery has to pass 
from one of the two copper strips to the other through 
the carbons; and the copper strips and central block are 
fastened to the under side of a thin board, which is 
shaken by the voice of the speaker. The yariatioiis in 
the current thus represent, with more or less exactness, 
the variations in the pressure of the air produced by the 
speaker's voice; and if a telephone is included in the 
circuit, its diaphragm will give forth an imitation of the 
spoken sounds. It is found, however, that more distanefc 
speech is obtained by the addition of a small Buhmkoiff 
coil (see art. 424). The variable currents which we have 
been describing go through the primary coil, which hfti 
no direct communication with the line wire, and the 
currents which are transmitted to the receiving statioD 
ore the secondary currents. 



INDEX. 



Aberration, 198. 

— chromatic, 187. 

— spherical, 152, 

Absorption and emission. 122-123. 
Acceleration, 56-57. 
Achromatism, 187. 
Action and reaction, 29. 
Advantage, mechanical, 32. 
Air, weight of, 81. 
Air-chamber, 74. 
Air-pump, 85-91. 
Alternating currents, 309. 
Amalgamation of zinc plate, 

287. 
Ampere's rule, 279. 
Aneroid barometer, 83. 
Annealing, 26. 
Apparent expansion, 11 1. 

— size, 181.. 
Arc-light, 311. 
Archimedes' principle, 97. 

*' Arm, 32. 
Armature of magnet, 281. 

— of magneto -electric machine, 

302. 
Astatic needle, 293. 
Astronomical telescope, 182. 
Atmosphere, pressure of, 64. 
Atmospheric refraction, 166. 
Atoms, 26. 
Attraction, electrostatic, 253. 

— gravitational, 18. 



Attraction of magnet for iron, 242. 
Axis and axle, 36. 

B. 

Balance, 34. 
Balloons, 96. 
Barometer, 79. 

— used for measuring heights, 81. 
Battery, galvanic, 274-277, 289. 

— of Leyden jars, 272. 
Beats, 228. 

Bismuth repelled by magnet, 252 

Boiling-point, iio^ 131. 

Bottle cell, 277. 

Boyle's law, 84. 

Bramah press, 78. 

Breaking contact, 324. 

Bubbles, 102. 

Bunsen's cell, 276. 

Buoyancy, 94-ioa 

Burning glasses, 176k 

Burst bladder, 93. 

c. 

Camera obscura, 177. 

Capillarity, 82, 100-103. 

Capstan, 36. 

Caustic, 198. 

Cell, galvanic, 274-277, 289. 

Centigrade scale, no. 

Centre of gravity, 39. 
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Centrifugal force. 59. 

Chladni's figures. 933. 

Chromatic aberration, 187. 

Clarke's machine. 500. 

Coin in basin. 165. 

Colloids. 104. 

Colour. 193. 

Combination, heat of. 288. 

Combustion, sx. 

Commutator. 301. 305, 308, 324. 

Composition of forces. 47. 

motions. 57. 

Compound sounds. 209. 
Compression of gases. 23. 84. 

liquids. 23-25. 

Compression-pump, 88. 
Concave lens, 172, 175. 

— mirror, 151. 
Condensers, electric. 270. 
Conduction of heat, 118. 
Conductors, electrical, 254, 289. 

— lightning. 264. 
Conjiigaie loci. 155. 

— mirrors, 213. 
Con\ection of heat, 121. 
Converging and diverging lenses, 

I7:i-i74- 
Convex lenses. 170-178. 

— mirrors, i c;--. 

Core of elect ro-magnet, 282. 
Critical an^le. 161. 
<^>ilic.\l point of a gas, 133. 
Current, direction of. 274. 275. 
measurement of, 291. 

D. 

Hanieirs cell. :,'j'j. 
JVclination. magnetic, 249. 
^elleetion of needle by current, 

278 280. 
Density, ai. 

I^eviation, minimum, 169. 



Dew, 124. 

— point, 124. 

Dialysis, 104. 

Diamagnctic bodies, ^9* 

Diffusion, 103. 

Dip, 248. 

Discharge in rarefied gases. 3;^* 

Discharger, jointed, a68. 

Distillation, 128. 

Distribution of electricity, 260. 

Divisibility, 27. 

Double-weighing, 3$. 

Drops, 102. 

Dynamics, 29. 

Dynamo machines, 303-310. 



E. 

Ear, 228. 

Earth as magnet, 246-251. 

— instead of return wire, 321. 
Echo, 213. 

Elasticity, 22. 

— of air, 84, 92. 
Electric light, 310-312. 

— spark, 268. 
Electrical machine, 261. 
Electricity, 253. 
Electrolysis, 283-288. 
Electro-magnets, 280-282. 

— metallurgy, 285. 

— motive force, 287-290. 

— motors, 312-315. 
Electrophorus, 271. 
Electroscope, 257, 270, 273. 
Elements, chemical, 22. 
Emission and absorption, 122-] 
Energy, 31. 

Equator, magnetic, 248. 
Equivalents of heat and work, ] 
Ether, evaporation of, 118. 
Evaporation, 117. 
Expansion by heat, 107. 
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r* ^--. i^^^tiof air, 93» 112. 
*^V^ *^q\iids. iia. 



F. 



^^^ T^'^^cit's scale, no. 
^^^^*^g bodies, 56. 
^.'^^ magnets, 304, 

^, ^'^gs around magnet, 241, 244. 

^^^^ngine, 73. 

^^Xed points of thermometers, 109. 

^izeau's toothed wheel, 199. 

boating, 94. 

^^ of swimmers, 100. 

^uids, 63. 

fluorescence, 195. 

Focal length, 176. 

Focus, principal, 152, 171. 

Foot-pound, 29. 

Force, 29. 

Foucault's method, 201. 

Franklin's experiment, 128. 

Freezing-point, 109. 

Friction, 37, 52. 

— and heat, 38, 134. 

electricity, 253. 

Fundamental tone, 219. 

Fusion, 116. 



G. 

Galilean telescope, 184. 
Galvanism, 274. 
Galvanometer, 291-295. 
Gamut, 216. 
Gases, 21. 

Geissler's tubes, 324. 
Glass, expansion of, 112. 
Gold-leaf electroscope, 257. 
Gramme's machine, 307. 
Gravitation, 18, 62. 



Gregorian telescope, 186. 
Guinea and feather experiment, 57. 



H. 

Hardness, 25. 

Harmonics, 220. 

Heat and energy, 134. 

Heat, quantity of, 114. 

— specific, 115. 

Heating by currents, 278, 288, 290. 

Height measured by barometer, 81. 

boiling-point, 131. 

Herschelian telescope, 185. 
Hoar-frost, 124. 
Holtz's electrical machine, 265. 
Horse-power, 31. 
Humidity, 125. 
Hydraulic press, 76-78. 
Hydrometer, 99. 
Hydrostatics, 63. 
Hygrometry, 124. 
Hypsometer, 131. 



I. 



Ice, 116. 

Illumination, 143. 
Images, 144, 154. 

— brightness of, 176. 

— size of, 155, 175. 
Immersed bodies, 97. 
Impact, 54. 

Incandescent light, 310. 
Incidence, angle of, 144. 
Inclined plane, 50-53. 
Index of refraction, 160. 
Induced currents, 300. 
Induction coil, 322. 
Induction, electrostatic, 256 -26a 

— magnetic, 241. 

— magneto-electric, 300. 
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Inertia. 17. 
Insulation. 
Insulators. 354. 3aa 
Intensity of sound. ao8. 
Inten-als. musical. 914-417. 
In\Trse squares^ 18, 143. 

J- 

Jar. Le>-den. 267. 
Joule's equivalent, 135. 
Jupiter's satellites, 196. 



K. 

Kaleidoscope. 151. 
Kinetics, 56-62. 



Latent heat. ii6-ii3. 

Lens, centre of, 175. 

I-enses, 170. 

levels, ^7 00. 

IvCver. 32. 

I^yden jar, 267. 

Light. 139. 

Lightning, 264. 

— conductors, 264. 

Lines of magnetic force, 245. 

Liquefaction of gases, 133. 

Liquids keep their level, 66, 94. 

Lixral action, 287. 

Lodeslone, 251. 

Loudness, 208. 



M. 

Machines, electrical, 261-267. 
— magneto-electric, 300-310. 



Magdeburg hemispheres, 93- 
Magic lantern, 178. 
Magnetic induction, 241. 

— meridians, &c., 250. 

— needle, 238. 

— variation, 249. 
Magnetizing, 239. 
Magneto-electricity, 298-31^ 
Magnets, 837. 

— broken, 240. 
Magnification, 181. 

— by lens, 176. 

— by telescope, 18a. 
Mariotte's law, 85. 
Mass, 19-21. 
Mechanical advantage. 31- 

— equivalent of heat, 135. 
Mechanics. See Dynamics. 
Meniscus lenses. 170. 
Mercury, expansion of, 112. 
Meridian, 246, 249. 
Microphone, 326-327. 
Microscope, 188. 
Minimum deviation, 169. 
Mirrors, parabolic, 151, 212. 

— plane, 144-151. 

— spherical, 151-157. 
Mixture of colours, 193. 

— of gas and vapour, 130. 
Molecules, 27. 

Moment of force about axis, -: 
Morse alphabet, 317. 
Multiple images in plate, 165. 
Musical intervals, 214. 

— sound, 209. 



N. 

Needle, magnetic, 238. 
Neutral equilibrium, 41. 
Newtonian telescope, 185. 
Nodal lines, 233. 
I Nodes, 219, 222. 
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K^^^. 



o. 

^litti*"^' ^'4. SIS 
^^i^ ^w. 290. 
^^^^ glasses. 184. 
Ov^ pipes, 220-225. 
^^ones, 219. 



P. 

^ PJn's digester. 132. 
v^^^bolic mirrors, 151, 212. 
^*^el forces, 39. 

^ mirrors, 149. 

r*3rallelograni of forces, 48. 

'Pencil of rays, 139. 

-Pendulum, 60, 21a 

<*enumbra, 141. 

Period of vibration, 207. 

Phonograph, 235. 

Photography, 178. 

Photometry, 143. 

Piezometer, 24. 

Pip>es of organs, 221-225. 

Pipette, 70. 

Piston, 73. 

Pitch, 213. 

Pith balls, 255. 

Plane mirrors, 144-151. 

Plate, refraction through, 163. 

— vibrations of, 233. 
Plunger, 77. 
Pneumatics, 63. 

Points discharge electricity, 260. 
Poles, magnetic, 246. 

— of magnets, 239, 248. 
Positive and negative electricity, 

256. 
Power, 31. 
Pressure, hydrostatic, 63. 

— amount and intensity of, 63. 
Principal focus, 152, 171. 



Prism, refraction through, 167. 
Projectiles, 57. 
Propagation of sound, 205. 

through tube, 209, 

Properties of matter, 17-28. 
Pulleys, 44-46. 
Pumps, 71-74. 77. 

— air, 85-91. 

Q. 

Quantity of heat, 114. 

R. 

Radiation, 121. 

Rain and snow, 125. 

Ray, 139. 

Reaction equal to action, 29, 

Reed pipes, 223. 

Reflection of light, 144. 

sound, 212. 

Refraction, 157. 

— index of, 160. 
Relay, 319. 

Resistance, electrical, 289. 
Resonance, 225. 
Resonator, 227. 
Resultant, 47. 
Rigidity, 22. 

Ripples, 210. 

Rope shortened by wetting, 105. 
Rotating mirror, 201, 322. 
Ruhmkorff coil, 323. 

s. 

Safety-lamp, 119. 
Scales for weighing, 34. 
Scales, thermometric, no. 
Screw, 54. 

— press, 55. 
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Triephone. 325-328^ 
Teiescope. iSo. 
Tempsratnre. xo6. 
Titnperjsg, 26. 
Tenacity. 35. 
Terreschal magnetism, 246 

— teieiscope. 18+ 
Tbermo-dynamics* 38, If4-i3> 
Tbtfrmo-electricity, 395-298. 
Tbfennometer. 106, 109. 
TbermopLe, 397. 
Torrioeiliaa expermect, 8a 
Totil reiiecrion. 160. 
Tmsmission of pressure. 65, 76. 
power. 315. 

T;ibes. propoj^aiion of soand 
ihrocgh. aoa 

— overt :nes ot Z2i. 

Twu livjuxi* ia bent tube, 69. 



u. 



l>-i planer:. 2C5-ro3. 



ie equilibrium. 41. 43. 



>^; ' \- 



>N : ^^ ."», x.\ 



V. 



S. ■•' 



r. 



I>vif5:r.i^v. j:;; 






V.i;.x'urs. laws of. 126-150L 
Vel-vity of elix'tricity. 321. 
'jir^.i. 106. 

sound. 203. 

V:bni:ion. 61. 

Mrtual imasres. 156k. 

\~:reous and resinous electricity, 

-54- 
Vo:c^. :::jS. 
Voltameter. 2S4. 
Voss* electrical machine, 265. 
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W. 

ammer, 127. 

leat of vaporization of, 117. 
heat of, 116. 
ic heat of, 116. 
lal properties of, 118. 
agth, 207. 
sound, 208. 
otion, 205-208. 
53- 



Weighing in water, 97. 

Weight, 18-21. 

Wet and dry bulb, 125. 

WTieel and axle, 35. 

Whirling vessel, 59. 

Winch, 36. 

Wind instruments, 22a 

Winds, cause of, 113. 

Wire-gauze and flame, lao. 

Work, 29. 

— principle of, 31, 46, 51. 
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